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ABSTRACl 

Ihe purpose of this study wa.s to examine the effects of elevated sub-lethal 

temperatures on the development of gonadal uerm eells as well as somatic growth of 

channel catfish fry Ictalums punctatus Current methods of enhancing growlh in fishes 

require the use of chemicals or the long-term maintenance of genetically selected or 

modified brood stocks Exposing juvenile or adult fish to elevated sub-lethal 

temperatures has been shown to reduce or eliminate gonadal germ cells in some species. 

In this study. 2."̂ -day-old channel catfish fry were exposed to temperatures of 27 

(control). ->4. and 36'C for a period of four weeks The results indicate that exposure to 

34 C reduced oocyte numbers and testicular area with a slight decrease in overall body 

weight Exposure to 36^C resulted in a significant reduction in oocyte number and 

o\arian and testicular area. Also, 52% of females in 36°C treatment lacked germ cells in 

their gonads and thus may have been sterilized. However, the 36°C treatment impaired 

fish growth during the treatment period and caused spinal curvatures and enlarged 

kidney s The results of this study support the potential of heat exposure to reduce or 

completeK' eliminate gonadal germ cells in channel catfish More research is needed to 

develop a precise combination of exposure temperature and exposure duration so it may 

be possible to reduce or eliminate gonadal germ cells without adversely affecting somatic 

development. Also, future research should determine if a decrease in energy required for 

gonadal development is redirected towards somatic development. 
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CllAPTl-R I 

RI \ 11 W 01 n i l : HIT RATIIRF 

\quaculture in tlie United States is an important agricultural industry and the 

culture of channel catfish (Ictalums punctatus) specifically accounts for about 46% of the 

total national production by value of farmed fishes (llargreaves, 2002). Among the many 

species of fishes raised in the United States commercially, channel catfish is considered 

to be the most important species with a production valued at over $450 million 

(Hargreaves, 2002) Channel catfish farming has developed into a sustainable industry in 

the southeastern region of the United States and provides many employment 

opportunities in economically depressed regions (Hargreaves, 2002) The aquaculture 

industry also provides a number offish for recreational fisheries for use in stocking new 

waters or supplementing existing populations Many state and federal agencies use 

hatcheries to propagate species of concern or native species for release into native habitat 

and ranges 

In Texas, as well as in many other southem states where water temperatures are 

conducive to optimal growth, large quantities of channel catfish often are reared for use 

in put-and-take fisheries (Shaner et al, 1996). The put-and-take fishery is a program 

where fish are stocked into lakes, which are public water bodies accessible to any 

Hcensed angler It is expected that the stocked fish will be caught and harvested within 

the growing season immediately following stocking. Typically, these fish are harvested 

within a matter of a few weeks after stocking, Put-and-take fishing lakes are managed for 

high catch and angler yield rates and long-term survival is highly unlikely (Ross and 
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1 oomis. 2001) Stocking largei catfish I5-2S cm in total length allows sufficient survival 

to sustain successful fisheries in waters with predatois Stocking channel catfish 25 cm 

or larger is associated with greater angles success (Shaner et al., 1996, Santucci et al., 

1 ^̂ M̂) .-Vn a\ eragc of I '̂  ".000 channel cattish per year were stocked into 227 Texas 

community lakes during the 5-year period 1998 to 2002 (Roger McCabe, Texas Parks 

and Wildlife Department, personal communications, Waco, TX) Due to the large 

demand by fisheries managers, hatcheries are often overcrowded, which results in less-

than-desired fish sizes (Robert K Betsill, Texas Parks and Wildlife Department, personal 

communications. Kerrville. T.\ ) Hatcheries are able to increase fish size by decreasing 

pond densities (Engle and N'alderrama, 2001), but the decrease in fish production could 

hamper put-and-take fishery programs Therefore, there is a need to enhance fish growth 

by means that are non-detrimental to fish production numbers. 

Mono-sex Populations 

The aquaculture industry bases its revenues on biomass production. Due to the 

need to produce larger fish over a grow-out period, many producers grow only mono-sex 

populations offish if the option (Goudie et al, 1994). Increased growth by one sex 

compared to the other has been observed in several species, including channel catfish in 

which males tend to grow faster than females (Simco et al., 1989), and rainbow trout, in 

which females grow faster than males (Sheehan et al., 1999). Sexual maturation and 

activity in most fish is accompanied by a reduction in somatic growth as energy is 

redirected toward gonadal growth, secondary sexual characteristics, and reproductive 

behaviors (Simco et al, 1989; Green et al, 1997; Sheehan et al, 1999). Sexual 
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maturation also results in a decline in flesh quality and appearance, resulting in a 

decrease in market value and a financial loss lor the producer (Ojt)lick et al., 1995; 

Sheehan et al , ĥ >̂*̂ )) CIrowth rates of channel catfish are greatest prior to sexual 

maturation and gendei has an iiicrcising influenee on body weight and length with 

increasing age past one year of age (Simco et al, 1989) Simco et al (1989) observed 

that channel catfish up to 10 months of age showed no apparent differences in length 

between sexes, but that males tended to weigh more During the second growing season, 

males were ."̂ 7% heavier than females Goudie et al (1994) observed that channel catfish 

in mono-sex ponds containing males grown out to six months averaged 15% greater 

weight gain than ponds containing all females, and 8.5% greater than mixed sex ponds 

Males in the mixed sex ponds also tended to be heavier than the females. 

Current Technologies to Suppress Reproductive 
Activity and Enhance Growth in Fish 

A number of different techniques currently are available for suppressing 

reproductive development or activity and enhancing somatic growth in fish For 

example, creation of polyploid (triploid and tetraploid) fishes yields sterile fish wdth 

decreased or non-existent sexual development and activity. Triploidy is induced by 

exposing eggs to chemical or physical treatments within minutes after fertilization to 

inhibit extmsion of the second polar body Triploid fish are assumed to be sterile because 

of the failure of homologous chromosomes to bind correctly during the first meiotic 

division (Malison et al, 2001). Pressure or temperature shocks, or treatments with 

chemicals such as colchicines, cytochalasin B, and nitrous oxide also are used to create 

triploids. Another method of triploid production is crossbreeding tetraploids and diploids 
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(Recoubiaiskv et al , 1992, Goudie et al , l')')5, Garcia-Abiado et al.. 2001, Malison et 

al, 2001) Use of sterile triploid fishes may also prevent the ecological problems 

associated with the escape of farmed fishes into the wild (Paiti et al,, 1997), Ploidy 

manipulation allows recreational tish managers the option of stocking sterile fish into 

waters without risking permanent introduction and the alteration of the genetic integrity 

and overall fitness of wild populations (Garcia-Abiado et al, 2001, Malison et al, 2001) 

The downside to ploidy development is the difficulty of production on a large scale, as 

well as the inability to successfully create these fish in some species (Davis et al, 1995). 

Generally, growth rates van, between diploid and triploids. Diploid fishes outgrow 

triploid fishes until the diploids reach sexual maturity in most fishes (Lilyestrom et al, 

1999) 

To enhance growth and repress sexual activity and development in fishes, 

aquaculturists can also use intraspecific, interspecific, and interstrain hybridization. 

These methods have been successfiilly applied in a number of species including channel 

catfish (Dunham and Smitherman, 1983) and tilapia (Oreochromis niloticus) (Green et 

al., 1997) However, hybridization has the disadvantage of the need for costly and long-

term maintenance of brood stocks (Green et al, 1997). 

Mono-sex male populations of channel catfish and tilapia, can be created 

indirectly by feminizing genetic males (XY) with estrogenic substances (estrogens) then 

mating these feminized males with normal (XY) males, producing a progeny where one-

quarter will be (YY) males The (YY) males are then bred with normal (XX) females to 

produce all-male offspring (XY) (Davis et al., 1995; Green et al, 1997). This method 

can take considerable time to develop the (YY) male stock and requires long-term 
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maintenance of the stocks Thus, fish produceis prefer to use direct methods of sex 

re\ersing ju\enile fish with sex-reversing chemicals Direct steroid-induced sex reversal 

is the most widely used technique for creating mono-sex populations amongst tilapia 

famiers ((ireen et al. Î '̂ >7) Bo\ine giouih hormone treatments have also been utilized 

to increase growth in channel catfish successiUlly (Silverstein et al,, 2000) However, the 

use of homiones (particularly steroids) in aquaculture potentially exposes both the 

environment as well as hatchers workers to the perceived risks associated with their use. 

Consumers as well are concerned with potential steroid residues in a market product 

(Green et al, ĥ ^̂ 7) 

Potential New Technology to Suppress Reproductive 
Activity and Enhance Growth in Fish 

Little research has been conducted to develop altemative methods of inducing 

reproductive suppression in fish. However, there is a new technology with the potential 

to alter germ cell development in fishes (Stmssmann and Patino, 1995, 1999). This 

technology is based on exposing juvenile fishes to sub-lethal high water temperatures 

during the period of early gonadal development. Increased temperatures inhibit germ cell 

growth and development, possibly resulting in a sexually dysfunctional adult fish. 

EnergA savings from the impaired sexual development presumably will be re-directed 

toward somatic development increasing fish length and weight over the grow-out period. 

Mammals are endothermic creatures and have the ability to self-regulate their 

core body temperature to maintain a specific temperature. Unlike mammals, fish are 

poikilothermic and lack an intemal system necessary to regulate their core body 

temperature (Bartholomew, 1977). Poikilothermy allows fish to withstand a much wider 
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range of bods temperatures, thus allowing a broader range of exjieiimental temperature 

without adverseU affecting the organism It has been shown that prolonged exposure to 

elevated temperatuies can cause disappearance of germ cells from the gonads, possibly 

leading to the pemianent impairment of gonadal function in atherinid fish (Stmssmann et 

al. b>)8) and channel catfish (Fat-Hallah. 2000) There are indications that the timing of 

temperature treatment in relation to that of gonadal sex differentiation can affect the 

outcome of the treatment (Nakamura et al, 1998; Stmssmann et al, 1998) It is therefore 

important to consider gonadal sex differentiation when designing a study of the effects of 

high temperature on gonadal development. 

Gonadal Sex Differentiation 

When observing initial gonadal sex differentiation it is important to note that in 

most species sex differentiation occurs much earlier in ovaries than in testes (Stmssmann 

et al, 1996, Stmssmann and Nakamura, 2002), A common criterion for determination of 

initial ovarian differentiation is the greater abundance of germ cells in the putative 

ovaries as compared to the lesser number of germ cells in the putative testes (Nakamura 

et al, 1998), Dependent on species, the ovarian cavity can take one of several different 

paths of development In one path, the somatic tissue of the gonad begins to elongate to 

form the proximal and distal sides of the gonads. These outgrowths develop and extend 

back across the gonad towards each other and eventually fuse together, creating the 

ovarian cavity. In a second path, small aggregations of cells develop on the peritoneal 

wall adjoining the elongated edge of the gonad. These cells eventually fuse with the 

elongated portion of the gonad and form an ovarian cavity between the peritoneal wall 
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and the gonad In a third path, the proximal and distal elongations fuse with the coelomic 

wall, creating an ovarian cavity dorsal to the ovary Salmonids develop an ovarian cavity 

in the anterior of the ovary and ovulate mature oocytes directly into the coelomic cavity 

and out via the genital pore (Nakamura et al., 1998), unlike many other fish species, 

which ovulate oocytes into the gonoduct, which then carries the oocytes to the genital 

pore. It is much more difficult to determine testicular differentiation by means of germ 

cells, because germ cells in testes typically remain undeveloped for long periods. 

Formation of the efferent duct in the testes is one criterion by which testicular 

differentiation can be recognized. The efferent ducts only develop in one pattem in 

which narrow slits or spaces develop in the stromal tissue of the gonad. Aggregation of 

stromal cells in the hylar region of the gonad signals the onset of testicular differentiation 

in poecihd fishes (Nakamura et al., 1998). In channel catfish, gonadal sex differentiation 

also occurs earlier in females than in males (Patifio et al, 1996). Patifio et al. (1996) 

noted small tissue outgrowths developing at the proximal and distal ends of the gonads in 

normal females and putative sex reversed females at day 19-21 post-fertilization (the 

outgrowths later fused to form an ovarian cavity), while males developed signs of 

testicular differentiation by day 90-102 post-fertilization. 

Effects of Temperature on Germ Cells 

Exposure of germ cells to sub-lethal temperatures creates germ cell loss in some 

fish. Gonads of male and female Odontesthes bonariensis. exposed to a temperature of 

29°C continuously from hatching until the juvenile stage, were seemingly intact except 

for the loss of germ cells (Stmssmann et al, 1998). Likewise, the gonads of male and 
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female I'atagonina hatchcri, exposed continuously to a temperature of 27"C from 

hatching until the juvenile .stage, were void of any germ cells (Stmssmann et al, 1998), 

1 OSS or reduction of germ cell numbers were also reported for largemouth bass 

(Micropterus sahnoides) learcd at temperatuies of 34 (' to 36'(' and in Nile tilapia 

(Oreochromis niloticus) reared at 36°C and 37' (' (Stmssmann and Patino, 1999) Fat-

Hallah (2000) also noted a reduction in gemi cell numbers in both sexes of largemouth 

bass t"r\ and yearling channel catfish exposed to sub-lethal high temperatures 

Germ cell sensitivity seems to coincide with particular stages of germ cell 

de\ elopment In one study, the ovaries of P hatcheri were allowed normal growth at a 

cooler temperature (17T) and then were exposed to sub-lethal high temperatures (27°C) 

It was observed that the treated ovaries lacked oogonia and young meiotic oocytes, up to 

the pacheytene stage, but still retained oocytes at the perinucleolar stage, including newly 

formed cortical alveoli oocytes (Stmssmann et al, 1998), This observation suggests that 

heat exposure of female germ cells at late stages of development had little effect and that 

they are most sensitive at the eariy stages. In female largemouth bass, exposure to sub

lethal high temperatures caused drastic reduction in oogonial numbers and the absence of 

any stages of gonadal development prior to the perinucleolar stage (Fat-Hallah, 2000). 

These observations suggest that heat may block oogenesis including the proliferation of 

oogonia and the transition from early pachytene to the perinucleolar stage of oocyte 

development in P hatcheri and M salmoides (Patiiio and Stmssmann, 1999). In male 

largemouth bass, temperatures of 34°C to 36°C caused gonadal atrophy and inhibited 

gametogenesis. High temperature seems to cause degeneration of primary 

spermatogonia, but also interferes with the division of primary spermatogonia into 
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secondarv spemiatogonia and/i>i the entry into ineiosis (Stmssmann and Patifio, 190'̂ ) 

Ihese observations suggest that male germ cells also have a particular sensitivity period 

occurring in early stages of development 

Ihe mechanism of germ cell degeneration by elevated temperatures may be at 

least in part, by apoptosis Apoptosis, also known as "programmed cell death," occurs 

naturally to reduce or rid the body of excess or dysfunctional cells (LeGrand, 1997), 

Heat-dependent gemi cell apoptosis has been shown in scrotal mammals and increased 

incidences also have been reported in cases of cryptorchidism (Ikeda et al, 1999) 

Crvptorchidism is the failure of the testes to descend into the scrotum during 

development, instead remaining inside the body cavity. Testes in the mammal scrotum 

are 2-SX lower than in the body cavity depending on the species studied (Ikeda et al, 

1999) The elevated temperature in cryptorchid testes is great enough to inhibit 

spermatogenesis and can result in reduced fertility or sterility (Yin et al, 1997). Yin et 

al, (1997) noted an increase in apoptotic cells in aduh mice due to a slight increase in 

body temperature Fat-Hallah (2000) found that exposure to sub-lethal temperatures 

induced the occurrence of apoptosis in germ cells of male yeariing channel catfish. An 

increase in collagen formation was detected in male yeariing channel catfish as well as in 

both sexes of juvenile largemouth bass as a result of exposure to elevated temperatures. 

Scott et al (1979) also found that induced cryptorchidism in the male opossum increases 

collagen fibrosis formation in the testes 



Conclusion 

The preceding literature review suggests heal exposure of fry has the potential to 

enhance somatic growth in channel catfish by impairing sexual development If this heat-

based method proves viable, fish culturists would have available a safer and cleaner 

altemativ e to enhance fish growth as well as reduce reproductive activity. The transition 

from current technologies to application of new technologies would take some planning 

and consideration in order to scale up to hatchery operations Providing heated water at 

necessary temperatures could prove to be the greatest challenge To create and maintain 

heated water, hatcheries ma\ need to use re-circulating water systems within raceways or 

possibly manipulate current heating devices within the hatchery to provide the necessary 

heat to elevate temperatures of rearing water to the appropriate temperature These 

methods may pro\ e efficient and effective in a large-scale operation 

Objectives 

This research project is part of a long-term research program to establish an 

environmental!\ clean method of enhancing somatic growth in channel catfish. Usage of 

this new heat-based technology for fish culturists includes the suppression of unwanted 

reproduction and potentially, the enhancement of somatic growth, Channel catfish have 

been chosen as the research model for this study because preliminary information has 

indicated that heat treatment can specifically impair its gonadal development (Fat-Hallah, 

2000). Channel catfish are not only the most important freshwater aquaculture species in 

the United States (Dupree, 1995), but also a popular put-and-take fish species in 
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recreational fisheries To increase fish length and weight at stocking or harvest time, my 

specific research objectives are to: 

• reduce gonadal development by reducing germ cell numbers and suppressing their 

development using heat treatment, and 

• determine if reproductive energy savings were re-directed toward somatic growth. 
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CHAPTER II 

TIMPFRA IIJRI 1 1 I 1 CTS ON (iONADAL AND 

SOMATIC GROWTH IN CHANNEL CATFISH 

Introduction 

In the United States, channel catfish Ictalums punctatus is the most important 

famied fish (Hargreaves, 2002) and its importance in management as a game species is 

second only to largemouth bass Microptems salmoides (Siegwarth and Johnson, 1998) 

Commercial fish farmers depend on high fish yields to increase profits, which can offset 

the cost of production and make fish farming sustainable (Engle and Valderrama, 2001) 

Public fish managers prefer larger fish for stocking in put-and-take waters (public fishing 

facilities) because fish size is associated with greater angler harvest and increased 

survivability of the fish after stocking (Shaner and Cook, 1996), To meet the needs of the 

public, hatcheries are required to produce large quantities offish which can result in a 

smaller than desired fish size (Engle and Valderrama, 2001). Current technologies to 

enhance somatic growth in fish require either chemical means or long-term maintenance 

of brood stocks (Green et al, 1997) 

Heat treatment has been shown to eliminate or reduce gonadal growth in some 

species offish (Stmssmann et al, 1998; Fat-Hallah, 2000), This technology may have 

the ability to reduce or eliminate sexual development and activity in fish (Stmssmann et 

al., 1998; Stmssmann and Patino, 1999), thereby, redirecting the energy used for 

reproduction into somatic growth, A few studies have been undertaken to examine the 

feasibility of this technology. For example, exposure of juvenile largemouth bass to 
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elevated sub-lethal temperatures (35°C) effectively reduced gonadal germ cell numbers in 

both males and females (Fat-Hallah, 2000). Likewise, exposure of yearling channel 

catfish to 34°C caused germ cell degeneration in both sexes and interfered with 

spermatogenesis in the males (Fat-Hallah. 2000). Rearing of atherinids. Odonthesthes 

bonariensis and Patagonina hatcheri, for prolonged periods at high temperatures caused 

sterility in individuals of both sexes Held at 27 ± 1.5 C, P. hatcheri exhibited germ cell 

deficient gonads in 100% of all females and 85% of all males while O. bonariensis held 

at 29 ± 0.5°C had 100% germ cell deficient gonads in all individuals of both sexes 

(Stmssmann et al.. 1998). The purpose of this study was to determine the effects of heat 

on fork length, body weight, gonadal development, and oocyte development, when 

rearing 23-day-old channel catfish fiy at elevated sub-lethal temperatures of 27 (control), 

34, and 36°C, 

Materials and Methods 

Animals 

This study was carried out at the Texas Cooperative Fish and Wildlife Research 

Unit, Texas Tech University. Thirteen-day-old, channel catfish fiy of the Imperial strain 

were obtained from A.E. Wood Fish Hatchery, Texas Parks and Wildlife Department, 

San Marcos, Texas, and transported to the laboratory on campus. The animal procedures 

used for this study were approved by Texas Tech University's Animal Care and Use 

Committee. 
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Ixpenmental Design and Sampling 

Glass aquaria (I "̂ 2 liters) weie randomly assigned a temperature treatment of 27 

(control). .i4. or (̂v C Four replicates were u.sed for each temperature (A, B, C, D) for a 

total of twelve aquaria I ach aijuariuni was sell-contained having an external bio-filter 

(38-liter aquanum) filled with Bio Balls (Hnergy Savers Unlimited, Carson, CA). 

themiostat-controlled heater (model number I SA III l-P f-l; Process Technology. USA 

Mentor, OH), water re-circulation pump (model number Rio 2100; Taam, Inc , 

Camarillo. C.A), and aeration 

Upon arrival to the laboratory, fry were placed within a single aquarium at 27°C 

to facilitate feeding and cleaning They were kept in the aquarium until day 19 post-

hatch and were then distributed in groups of 25 fish to each aquarium until all aquaria 

receiv ed 2.'̂ 0 individuals At 21 days post-hatch, the water temperature was raised in 

each tank at the rate of 0 5°C per hour until the appropriate temperature was reached with 

no more than 4-5'C increase over an 8-hour period. Therefore, the last target temperature 

(36°C) was reached during the second day of temperature adjustment, when the fiy were 

23 days post-hatch. All temperature treatments were considered to have started at this 

point 

Two fish from each aquarium were sampled prior to the onset of the temperature 

treatment and combined with 19 fish that were left over following tank assignments. 

These 43 fish were used to establish condition (body weight, length, and gonadal stage) at 

the onset of treatment. Five additional fish were randomly sampled from each tank after 

14 days of temperature treatment for preliminary assessment of their condition halfway 

through the treatment. After completion of the experimental exposure period of 28 days 
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(age at completion of treatment 51 days post-halch), 30 fish were randomly sampled 

from each tank to assess their final condition All fish weie anesthetized in 1 g/L MS-

222 (tncane methane sulfonate) prior to processing Fork lengths and weights were 

recorded for each fish The tmnk leuion of each fish was cut and placed in Bouin's 

solution and subsequently processed for histological examination 

Routine Maintenance and Feeding 

.\quaria were cov ered with a hard plastic sheet to help prevent evaporation or 

contamination of water The source water for aquaria was de-chlorinated tap water kept 

in separate 208-liter plastic containers overnight and pre-heated to 27, 34 or 36°C, 

respectively Water quality measurements were made each morning and evening. 

Parameters included dissolved oxygen (YSl 85, YSl, Inc , Yellow Springs, OH), salinity 

(YSl 85), conductivity (^'SI 85), and pH (pH Testr2, Oaklon Instmments, Vernon, IL), 

Unionized ammonia (Hach ammonia test kit and with Hach DR/2000 

spechtrophotometer, Hach Co , Ames, lA) levels were recorded each morning and water 

temperatures (YSl 85) were recorded twice daily to ensure tanks were maintained within 

0,5'C of their target temperature Fish were initially fed size #0 Salmon Starter (50% 

cmde protein, Rangen, Inc , Buhl, LD) three times daily. All feedings were to satiation. 

After 3 days of treatment, the feeding protocol was changed to twice daily using a 

mixture of size #0 and #1 feed in equal portions After 8 days of treatment, feed size was 

changed to #1 and remained at this size through the completion of the experiment. Thirty 

minutes after feeding, uneaten food was removed by siphoning with a small volume of 

water (the siphoned water was immediately replaced), A total of 19 liters of tank water 
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was leplaced everv other day by siphoning lo maintain water quality, the volume of 

water replaced incieased to Ŝ liieis every day after 13 days of temperature treatment 

Evaporative losses were replenished daily 

Histology 

Fish samples were processed into paraffin blocks and sections were cut (7 nm) 

using standard histological procedures (Luna, 1992) One slide of gonads per fish was 

prepared for staining with \\ eigert's hematoxylin and eosin (Sigma Diagnostics, St 

Louis, MI) For samples taken at the completion of the treatment (28 days of exposure), 

one additional slide w as prepared for staining with Trichrome Masson stain (Sigma 

Diagnostics) for detection of collagen deposition. The target number of male and female 

fish for histological observations was 10 each per aquarium, and samples were cut with a 

Microm HM325 until it was determined that this target had been reached. 

The gonads of fiy and juvenile channel catfish are paired tubular stmctures 

located just under the swim bladder and tmnk kidney in the mid to posterior body cavity 

of the fish The paired tubules eventually fuse to form the gonoduct, which leads to the 

cloaca (Grizzle and Rogers, 1976) The development of gonads and germ cells is 

reflected by the size of their respective cross-section areas. The largest cross-sectional 

diameter of the gonads of channel catfish is observed in the abdominal region where the 

bi-lobed kidneys ftise to form a single lobe (Fat-Hallah, 2000), Therefore, gonadal 

sections for the present study were collected from this region of the kidney. The first 

section placed on each slide was selected for histological observations. If damaged, then 

the next section was selected (and so forth) until a non-damaged section was found. The 
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larger of the two gonads present in the selected histological section for both males and 

females, as well as the largest germ cell in either gonad for each female, were chosen for 

measurement in each fish. Histological observations were made at either 50x or lOOx 

total magnification Digital images were taken with an Olympus DP-10 camera. 

Gonadal cross-section areas as well as germ cell cross-section areas were determined 

digitally using Image Pro Software (Media Cybenetics, Silver Springs, MD). 

Data Analysis 

The data were analyzed using a completely randomized design in which aquaria 

were randomly assigned a temperature. Fish weight, fork length, gonadal cross-section 

area of both males and females, and cross-section area of the largest germ cell (oocyte) in 

females, were analyzed using the STATISTICA software package (Statsoft®, 1998 ed., 

Tulsa, OK) Measurements for each parameter were averaged for all fish within an 

aquarium to obtain a tank value. Thus, the effective sample size (n) per treatment was 4. 

Data were first tested for homogenous variances. If variances were not homogenous, 

data were then log-transformed and then tested again for homogeneity. Next, an all-

effects test (F test) was mn (P< 0.05) and then means were separated using Duncan's 

Multiple Range Test. 
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Results 

I'ork Length 

Fork length of the fish prior to temperature treatment was 18,90 ± 0 03mm (mean 

r ,SL) At the conclusion of the tieatment period, there were significant differences 

(F=4 26. df^2.9, p < 0 05) between the 27'C and 36°C treatments and between the 34°C 

and 36H" treatments,, but not between the 27°C and 34°C treatments (Fig, 2.1) 

Weight 

The weight offish prior to temperature treatment was 0 064 ± 0,0003g (mean ± 

SE) Post-treatment weights were significantly different from each other in all treatment 

groups (F=4 26. df^2,^. P < 0.05) (Fig, 2 2), 

Ovarian and Oocyte Cross-Section Area 

Cell aggregations originating from the distal ends of putative ovaries signaled that 

the process of eariy sexual differentiation had already begun at onset of temperature 

treatment (Fig. 2,3), Due to heterogeneous variances for ovarian cross-section areas, the 

data were log-transformed (which satisfied homogeneity). The ovarian dimensions 

differed significantly (F=4 26, df=2,9, P < 0.05) between the 27°C and 36°C and between 

the 34'-C and 36°C treatments but not between the 27°C and 34°C treatments (Fig. 2.4-

2 7). Oocyte cross section-areas differed significantly (F=4,26. df=2,9, P < 0,05) among 

all treatments (Fig 2 8) Cursory observation indicated that numbers of germ cells per 

ovarian cross-section seemed to be more numerous in the 27°C treatment than in either 



the >A or ^̂ 6'C tieatments and the M C treatment seemed to contain more than the 36' C 

treatment In fact, gonadal sections from 52% of the Icmales from the latter treatment 

were completely devoid of genn cells 

Testicular Cross-Section_Area 

Gonadal sex diflferentiation had not begun in the males at onset of temperature 

treatment (Fig 2 9) The testicular cross-section areas were significantly (F=4 26, 

df=2,9, P ^ 0 05) different among all groups at the conclusion of the temperature 

treatments (Fig 2 10-2 Li) 

Collagen Deposition 

Presence of collagen deposition (fibrosis) within the extra-cellular matrix of the 

gonad was not detected in any samples observed after a cursory inspection of a total of 10 

samples from each treatment (males and females combined) stained for this 

measurement .A more careflil analysis of two males and two females from each replicate 

(total of 8 males and 8 females per treatment) yielded the same conclusion. 

Mortalities. Deformities, and Other Abnormalities 

There were relatively few mortalities occurring in any of the temperature 

treatments until day 21 when mortality increased within the 36°C treatment. On 

conclusion of the exposure period, fish were held for an additional 7 days in their aquaria 

at a temperature of 27°C The morning after exposures concluded, there were several 
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mortalities within the 36°C treatment Mortalities reduced to pre-21-day levels within the 

36°C treatment thereafter (Fig 2 14). 

Curvature of the spine was noticed in some of the fish held at 36°C beginning 

nine days into the treatment The curvature occurred in the posterior region of the caudal 

peduncle. At completion of the exposure, it was recorded that 58% of all fish sampled in 

the 36°C treatment had developed spinal curvature. During histological observation of 

the gonads, it was also noted that the kidneys of all fish held at 36°C had enlarged 

significantly due to swelling of the kidney tubules (Fig. 2.15-2.17). No fish in either the 

27 or 34°C treatments exhibited these abnormalities. 

Water Ouality 

Water quality during the course of the experiment was within the recommended 

parameters for channel catfish as suggested by Jensen (1987). Water temperatures were 

typically within 0.5°C of their respective target temperatures (Table 2.1). Salinity stayed 

within 0.6-0.7 ppt in all tanks (Table 2.2). Dissolved oxygen (Table 2.3) and pH (Table 

2.4) stayed within acceptable limits as well (DO- 4 mg/L or higher; pH-6.5-8.5). 

Unionized ammonia concentrations tended to fluctuate between 0.01 ppm and 0.08 ppm 

but had a single peak of 0.13 ppm in one 27°C treatment tank (Table 2.5). 
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Discussion 

Exposure ot 2 ̂ day-old channel catfish fry to 3(>(' resulted in reduced oocyte 

numbers and ovarian area (size), testicular area (size), and fork length and body weight 

In tish exposed to 34 f , the eftects were not as pronounced but oocyte number in 

ovaries, testicular size, and body weight also were reduced 

In most teleosts including channel catfish (Patiiio et al 1996), gonadal sex 

diflferentiation occurs much eariier in females than males (Stmssmann and Nakamura, 

2000) In the present study, it was noted that putative females had started the process of 

ov arian diflferentiation at the time that heat treatment was initiated, 23 days after 

hatching This finding is in general agreement with Patino et al, (1996), who found that 

female channel catfish begin ovarian differentiation 19-21 days post-fertilization, 

whereas testicular differentiation in males occurs about 90-102 days post-fertilization 

The effect of high temperature on the females varied between the 34 and 36°C 

treatments Exposure to 34°C caused a reduction in oocyte number and development. 

However, the magnitude of these effects was not high enough to be reflected in a 

significant decrease in ovarian size compared to fish in the control treatment (27°C), The 

effects of the 36''C treatment were more profound. This treatment significantly decreased 

ovarian size as well as effectively reduced oocyte numbers and development. Further, 52 

percent of females exposed to 36°C were devoid of germ cells in the histological sections 

observed. This latter observation indicates that at least half the females from the 36°C 

treatment may have become sterile. 

In mammals, heat-dependent germ cell loss has been observed only in males (Ito 

et al, 2003). However, studies with fishes have reported germ cell loss in females 
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indicating that female gemi cells in fishes aie also heat sensitive (Stmssmann et al,. 1998, 

I at-Hallah. 2000. Ito et al , 200 v present study) females of both P hatcheri (reared at 

27 ± 1 5 Cl and Q bpnanensig (reared at 2 )̂"C) (high temperature treatment for these 

species) were devoid of gonadal germ cells after I to 5 weeks of exposure (.Strussmann et 

al. 1998) Fat-Hallah (2000) noted increased oocyte degeneration (pyknotic-condensed 

cells or necrosis-enlarged and swollen cells) with no significant difference between 

treated and control ovarian size in largemouth bass fry females (age-6-weeks post 

fertilization) subjected to .̂ 5̂ C for 3-weeks, but did find a significant difference in 

ovarian size as well as extensive oocyte degeneration in largemouth bass females (age-6-

vveeks post fertilization) subjected to continuous 35°C heat treatment for seventeen 

weeks Fat-Hallah (2000) further noted that yearling female charmel catfish had an 

increasing occurrence of degenerative gonadal germ cells after an exposure of four weeks 

to 34 and 36^C temperatures with no significant decrease in ovarian size. 

Degeneration within germ cells (eosinophilic or pyknotic nuclei and/or 

eosinophilic cytoplasm) was noted relatively early after the onset of exposure to 29°C in 

O bonariensis (Ito et al. 2003). but pronounced cell loss (severe to complete germ cell 

loss) only became apparent after a prolonged exposure of 84 (Ito et al, 2003) and 90-130 

days (Stmssmann et al, 1998), In these studies, the gonads were found to be smaller in 

the exposed fish due to germ cell loss (Stmssmann et al, 1998; Ito et al, 2003). Ito et al. 

(2003) noted that during a post-exposure recovery period, the remaining germ cells were 

able to proliferate and repopulated the gonads. These observations indicate that not all 

germ cells were eliminated by heat treatment and that no apparent effects occurred in the 

somatic cells needed to support germ cell development (Ito et al, 2003). These 

22 



obser\ations also suggest that heat-dependent gonadal impairment may be reversible 

(Stmssmann et al . 1')̂ >S, Ito ct al, 200i) 

Spemiatogenesis is sensitive to high temperature and can be significantly 

impaired by heat in main species (Stmssmann and Patino, I'M)')) Germ cell deficiency 

was observed in 85 7% of P hatcheri males reared at 27 1 1 5"C and in 100% of O 

bonariensis males reared at 2^)C (Stmssmann et al, 1998) Male largemouth bass fry 

(age-t>-weeks post-fertilization) treated at 35°C had a lower testicular area than control 

males after seventeen weeks exposure (Fat-Hallah. 2000) and similar results occurred in 

yearling male channel catfish exposed for four weeks to 34 and 36°C (Fat-Hallah, 2000) 

Biswas et al (1^7t>) reported that heat treatment blocked spermatogenesis in the toad 

Bufo melanostictus b\ significantly reducing the number of primary and secondary 

spermatocytes .A reduction in germ cells numbers, resuUing in decreased testicular 

weight, was shown in adult male mice six days after induced cryptorchidism (Yin et al, 

1997) Humans, ranging from 6 hours to 20 years after birth, with undescended testes, 

showed germ-cell deficienc\ Germ cell deficiency remained constant and no germ cell 

regeneration was observed regardless of later stages of maturity (Farrington, 1969). In 

the present study, testicular size was significantly affected in the 34 and 36°C treatment. 

Development of testes in the 34°C treatment was notably inhibited compared to the 

control (27°C), but a much larger inhibition occurred in males from the 36°C treatment. 

Exposure to elevated temperature not only causes an inhibition of testicular 

development but also an increase in collagen deposition (fibrosis) (Scott et al, 1979; 

Pinart et al, 1999; Fat-Hallah, 2000). Pinart et al, (1999) found that cryptorchid testes in 

postpuberal boars had an increase in fibrosis due to the effect of high abdominal 
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temperature Scott et al (1979) observed that testes in adult male opossums (Didelphis 

virginiana) rendered cryptorchid. exhibited fibrosis of the tunica propria and also noted 

germ cells were absent here as well as in the seminiferous tubules Fat-Hallah (2000) 

noted an increase in collagen formation within the gonads of both sexes of largemouth 

bass juveniles exposed to 35°C continuously from 6 weeks until 23 weeks of age post-

fertilization and in both sexes of largemouth bass juveniles exposed to 35°C for three 

weeks from age 20-weeks post-fertilization. Fat-Hallah (2000) also noted fibrosis 

occurring in the gonads of yearling channel catfish males exposed to 34 and 36°C for 

four weeks. However, Fat-Hallah (200) did not observe fibrosis occurring in largemouth 

bass fry. age 6-weeks post-fertilization, exposed to 35°C for three weeks. This study 

found no increase in fibrosis within the extra-cellular matrix of channel catfish fiy gonads 

after exposure to 34 or 36°C temperatures for four weeks. The differing results between 

channel catfish fiy (this study) and continuously treated 6-week-old largemouth bass fiy 

(Fat-Hallah, 2000) may be explained by the difference in the length of heat exposure or 

the stage of reproductive development of the fish. 

Exposure to high temperatures had been shown to inhibit somatic growth and 

development in some species. Baras et al. (2001) found depressed growth in Nile tilapia 

reared for 28 days at 37"'C, which is just below their upper incipient lethal limit (38.5-

39°C). When returned to 27°C, fish previously reared at 38.5-39T showed growth rates 

similar to those fish reared at the optimum temperature range of 27-33°C. Fat-Hallah 

(2000) noted no significant change in body length in both sexes of largemouth bass 

juveniles exposed to 35°C for periods of three and seventeen weeks (control-23°C) and in 
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yeariing channel catfish exposed to 34 and 36°C for periods of three and four weeks 

(control 28°C) In the present study, catfish exposed to 34°C were as active as, and feed 

similarly to. the control fish. The 36°C treatment caused a significant reduction in fork 

length and weight when compared to the 34 and 27°C treatments. During the exposure. 

the 36°C fish were lethargic and did not feed as actively as the other fish. Buentello et al. 

(2000) noted that growth rates of most warm water species increase with increased 

temperatures up to a few degrees below their respective upper lethal limit, dependent on 

the availability of the food supply. Furthermore, the temperature-dependent increase in 

the growth rate results in an increase in appetite, foraging efficiency, and metabolic rates, 

dependent upon each fish species temperature tolerance range Food consumption and 

growth will increase then drop abmptly due to the high demand of energy required for 

maintenance, thus decreasing the energy available for growth (Soderberg, 1997). These 

factors may have contributed to the lower somatic development offish at 36°C and may 

also have played a role in the high mortality rate seen in the 36°C fish. On conclusion of 

the exposure, all heat-exposed fish were retumed to 27°C, and it was observed that the 

36°C fish became much more active, consumed a greater quantity of feed than before, 

and suffered relatively little mortality. 

The fish exposed to 36°C developed a spinal curvature in the posterior region of 

the caudal peduncle. An extensive literature review did not find any studies with similar 

results with heat-treated fish. 

Histological inspection of the tmnk kidneys indicated that fish exposed to 36°C 

had markedly enlarged kidney tubules, which greatly increased the kidney area. This 
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enlaiging of the kidney was found in nearly all the 3o'("-treated fish I ish exposed to 

.'̂ 4 C had slightly enlarged tubules in some cases but not to the degree and extent as those 

from the .̂ 6̂  t treatment ,\ literature review found no similar findings in other species 

further leseaich will be requiied to determine if this heat-dependent alteration of the 

kidney will have an impact on long-term survival of the fish 

Mortality in the 36'C treatment increased greatly during the third week of 

exposure and staved high for one day after the exposure ended and temperatures were 

lowered to 27' C The reason for this increased mortality is unclear, but it is possible that 

the fish were exhausted Also, increasing temperature causes an increase in pH, which in 

turn increases the proportion of unionized ammonia from the total water ammonium 

content (Soderberg, 1997) Long-term exposure to high-unionized ammonia 

concentrations can decrease growth in fish and levels of 0,12 mg/L have been found to 

affect growth of charmel catfish (Soderberg, 1997), In this study, unionized ammonia 

levels fluctuated constantly However, unionized ammonia concentrations never reached 

0,12 mgT. in the 36-°C aquaria Baras et al, (2001) noted that in Nile tilapia reared at 

37°C (near their upper lethal limit), mortality increased dramatically with a survival rate 

of 64 7°o compared to a 96 7% survival rate in fish reared at 24-33°C, the optimum 

temperature range for Nile tilapia Baras et al (2001) also suggested that the rearing of 

tilapia at this extreme temperature (for production of monosex male populations) should 

be done at lower population densities to help reduce stress and maintain a higher water 

quality, potentially reducing mortalities. 
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Summary and Conclusion 

Exposure of channel catfish fry to 34°C resulted in a decrease in oocyte and 

testicular growth. Although the results were not as significant as those seen in the 36°C 

treatment, continued experimentation with this temperature could still yield promising 

results Germ cells are very sensitive to heat and a slight suppression in development 

may extend the time period necessary for complete gonadal development (sexual 

maturation) Growth rates of channel catfish are greatest prior to sexual maturation 

(Simco et al., 1989). If the juvenile stage can be "extended" by a delay in gonadal 

development, it is possible that a treated fish could exhibit longer periods of fast growth 

rates t>T3ical of juvenile stages and have overall larger body lengths and weights than 

untreated fish 

Exposure of channel catfish fiy to 36°C had a marked inhibitory effect on both 

gonadal and somatic development. Likewise, the 36°C exposure caused several physical 

abnormalities in the exposed fish. These observations suggest that an exposure 

temperature of 36°C is deleterious to the health of channel catfish. However, it may still 

be possible to achieve suppression of gonadal development while minimizing the effects 

on health and growth by shortening the exposure time. Perhaps an exposure time of 1-2 

weeks would work for this purpose, although exposure times of 2 weeks and longer to 

36°C are not recommended since they were also deleterious to fish growth (see Chapter 

in). 

It would also be of interest to explore the effects of exposures to 35°C. The 

results of the present study indicated a great difference between the effects of 34 and 

36°C on the reproductive development and growth of catfish fiy, with 34°C producing 
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visible histopathological effects on the gonads but little effect on somatic growth, and 

36°C having marked effects on both. Thus, given the relative sensitivity of germ cells to 

high temperatures, it is possible that exposure to 35°C would provide histological results 

similar to those seen in 36°C with lesser effects on somatic growth 

Due to practical limitations in hatcheries, rearing fry for extended periods is not 

feasible. Therefore, future research should focus on exposure periods of 2-3 weeks or 

less. It also need to be determined if a decrease in energy investment for gonadal 

development, resulting from heat exposure, will translate into a subsequent increase in 

the rate of somatic development. An effective combination of exposure temperature and 

exposure period, if possible, may give aquaculturists a cleaner, more environmentally 

friendly method to control sexual activity and increase fish size. 
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27 34 36 

Temperature (°C) 

Fig 2 1 Mean fork length (+SE) of 51-day-old channel catfish fiy at the 
conclusion of a 28-day exposure to elevated sub-lethal temperatures. 
Columns with identical letters are not significantly different (one-way 
.\NO\A followed by Duncan's Multiple Range Test (P < 0.05, n=4). 

27 34 36 

Temperature (°C) 

Fig 2.2, Mean body weight (+SE) of 51-day-old channel catfish fiy at the 
conclusion of a 28-day exposure to elevated sub-lethal temperatures. 
Columns with identical letters are not significantly different (one-way 
ANOVA followed by Duncan's Multiple Range Test (P < 0.05, n=4). 
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Fig 2 3 Putative ovary (O) of 23-day-old channel catfish 
fiy. Cell aggregation (E) in early stage of formation. 
Hematoxylin-eosin stain; bar = 50|im, 
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Fig 2 4 Ovar> (O) and oocyte (Oc) of 51-day-old channel 
catfish fiy at the end of a 28-day exposure to 27°C temperature, 
Hematoxylin-eosin stain; bar = lOOfim. 
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Fig 2 5 Ovary (O) and oocyte (Oc) of 51-day-old channel 
catfish fiy at the end of a 28-day exposure to 34°C temperature, 
Hematoxylin-eosin stain; 
bar = 100|im 
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Fig 2 6 Ovary (O) and oocyte (Oc) of 51-day-old channel 
catfish fry at the end of a 28-day exposure to 36°C temperature. 
Hematoxylin-eosin stain; 
bar = 100|am. 
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27 34 36 
Temperature (°C) 

Fig 2 7 Mean ovarian cross-section area (+SE) of 51-day-old 
channel catfish fry at the conclusion of a 28-day exposure to 
elevated sub-lethal temperatures (non-transformed data). 
Columns with identical letters are not significantly different 
(one-way .A,NO\'A followed by Duncan's Multiple Range 
Test (P < 0,05, n=4) 
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Oocyte 

27 34 36 

Temperature (°C) 

Fig 2 8, Mean oocyte cross-section area (+SE) of 51-day-old 
channel catfish fry at the conclusion of a 28-day exposure to 
elevated sub-lethal temperatures. Columns with identical letters 
are not significantly different (one-way ANOVA followed by 
Duncan's Multiple Range Test (P < 0 05, n=4). 
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Fig 2 9. Putative testis (T) of 23-day-old charmel catfish 
fry Hematoxylin-eosin stain; bar = 50|j,m. 
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Fig 2 10 Testis (T)of51-day-old channel catfish fiy 
at the end of a 28-day exposure to 27°C temperature, 
Hematoxylin-eosin stain; bar - 50nm. 
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Fig 2 11 Testis (T) of 51 -day-old channel catfish fiy 
at the end of a 28-day exposure to 34°C temperature. 
HematoxyUn-eosin stain; bar = SO îm, 
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Fig 2 12 Testis (T) of 51-day-old channel catfish fry 
at the end of a 28-day exposure to 36°C temperature. 
Hematoxylin-eosin stain; bar = 50|im 

39 



Testis 

27 34 36 

Temperature (°C) 

Fig 2 I -> Mean testicular cross-section area (+SE) of 
51-day-old channel catfish fiy at the conclusion of a 28-day 
exposure to elevated sub-lethal temperatures. Columns with 
identical letters are not significantly different (one-way 
,\N0\'.-\ followed by Duncan's Multiple Range Test 
(P<0.05, n=4) 
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Fig 2 14 Weekly mortalities (+SE) for 51-day-
old channel catfish fiy exposed for 28 days to 27 (control), 34, 
and 3b C temperature treatments (W= Weeks; week 4 
was the conclusion of temperature exposure (P< 0,05), 
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Fie 2 15 Tmnk kidney in 51-day-old channel catfish fiy 
exposed for 28 days to 27°C temperature Arrow points to a 
normal kidney tubule (T), Hemotoxylin-eosin stain; 
bar = lOOum 
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Fig 2 16, Tmnk kidney (K) in 51-day-old charmel catfish fiy 
exposed for 28 days to 34°C temperature. Arrow points to a 
kidney tubule (T) Hemotoxylin-eosin stain; 
bar = lOOfim 
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Fig 2 17 Tmnk kidney (K) in 51-day-old channel catfish fry 
exposed for 28 days to 36°C temperature. Arrow points to a 
kidney tubule (T) Hemotoxylin-eosin stain; bar = 100|im, 
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Table 2 1: Mean daily water temperatures and minimum-maximum 
temperature values for each aquaria throughout temperature exposure 

Tank 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Target 
Temperature 

(°C) 
36 
34 
34 
27 
36 
27 
27 
36 
36 
27 
34 

12 1 34 

Mean 
Temperature 

(°C) 
35,7 
33.8 
33.8 
26,7 
36,5 
26.3 
26.4 
35.8 
35.8 
26.6 
33,7 
33.9 

Minimum and Maximum 
Temperature 

(°C) 
35.3-35.9 
33.4-34.3 
33.3-34.5 
26.3-28.5 
35.4-36.7 
26.0-28.4 
26.1-28.9 
35.4-36.1 
35.4-36.1 
26.0-28.6 
33.3-34.1 
33.3-34.5 
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Table 2 2 Mean daily salinity and minimum-maximum salinities values 
for each aquaria throughout temperature exposure. 

Tank 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Target 
Temperature 

(°C) 
36 
34 
34 
27 
36 
27 
27 
36 
36 
27 
34 

12 34 

Mean 
Salinity 
(ppt) 
0.65 
0.63 
0.64 
0.65 
0.67 
0.66 
0.64 
0.65 
0.67 
0.66 
0.67 
0.66 

Minimum and Maximum 
Salinity 
(ppt) 

0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
0.6-0.7 
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Table 2.3: Mean daily dissolved oxygen and minimum-maximum dissolved 
oxygen values for each aquaria throughout temperature exposure 

Tank 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Target 
Temperature 

(°C) 

36 
34 
34 
27 
36 
27 
27 
36 
36 
27 
34 

12 34 

Mean 
Dissolved 
Oxygen 
(mgA.) 

5.13 
4,84 
4.89 
5.24 
5.10 
5.77 
5.42 
5.07 
4.80 
5.25 
4.88 
4.92 

Minimum and Maximum 
Dissolved Oxygen 

(mg/L) 

4.50-5.80 
3.42-5.94 
3.96-6.00 
3.68-6.63 
4.68-5.65 
4.31-6.92 
4.17-6.54 
4.35-5.69 
3.88-5.77 
4.00-6.46 
3.98-5.91 
3.60-6.03 
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Table 2 4 Mean daily pH and minimum-maximum pH values for each 
aquaria throughout temperature exposure. 

Tank 
Number 

1 
-) 

3 

i •* 
i 5 

6 

j 1 
\ 8 

9 
10 
11 

Target 
Temperature 

(°C) 
36 
34 
34 
27 
36 
27 
27 
36 
36 
27 
34 

12 34 

Mean pH 

8.13 
8,02 
8.07 
7.93 
8.28 
8.09 
7.98 
8.25 
8.24 
8.09 
8.12 
8.15 

Minimum and Maximum 
pH 

7.8-8.6 
7.8-8.6 
7.8-8.6 
7.3-8.4 
7.9-8.5 
7.8-8.5 
7.7-8.4 
7.9-8.5 
8.0-8.7 
7.8-8.4 
7.5-8.6 
7.8-8.7 
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Table 2 5 Mean daily unionized ammonia levels and minimum-maximum 
unionized ammonia values for each aquaria throughout temperature 
exposure 

Tank 
Number 

I 
2 
3 
4 

</-, 

6 
7 
8 
9 
10 
11 

Target 
Temperature 

CC) 

36 
34 
34 
27 
36 
27 
27 
36 
36 
27 
34 

12 34 

Mean 
Unionized 
Ammonia 

(mg/L) 
0.05 
0.04 
0.04 
0.02 
0.06 
0.04 
0.03 
0.04 
0.06 
0.03 
0.04 
0.06 

Minimum and Maximum 
Unionized Ammonia 

(mga.) 

0.02-0.08 
0.01-0.06 
0.01-0.07 
0.00-0.04 
0.02-0.10 
0.01-0.13 
0.01-0.08 
0.02-0.11 
0.03-0.09 
0.01-0.08 
0.02-0.06 
0.03-0.11 
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("llAPfHR 111 

PRELIMINARY STUI)^ OF TWO-WFLK TEMPERATURE 

1 XPOSURl ON 23-l)A^•-OLD CHANNEL CATFISH FRY 

Introduction 

\ new technology is currently being examined that may have the potential to 

decrease or eliminate sexual activ ity in fishes A reduction or elimination of gonadal 

germ cells in fry or juvenile fishes has been shown to be effective in juvenile largemouth 

bass, yeariing channel catfish (Fat-Hallah, 2000), and in Odonthesthes bonariensis and 

Patagonina hatchen (Stmssmann et al., 1998), If sexual activity can be eliminated by a 

reduction or elimination of gonadal germ cells, the energy required for normal gonadal 

development may instead be re-directed towards somatic development. 

The study described in this appendix was conducted in conjunction with the 

project described in Chapter II. This, is a preliminary study to determine the effect of 14 

days of exposure to elevated sub-lethal temperatures on the gonadal development of 23-

day-old channel catfish fiy It was part of a larger study, which examined the effects on 

gonadal development of 23-day-old channel catfish fry after a 28-day treatment. 

Materials and Methods 

In this study 23-day-old channel catfish fry were exposed to 27 (control), 34, and 

36°C temperatures (each temperature having four replicates) for a period of 14 days. 

Histological observation of the gonads was conducted on 5 fish from each temperature 

repUcate. Note that not all treatment replicates had a representative sample so n^ in all 
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cases Fork length, body weight, ovarian cross-section area, oocyte cross-section area, 

and testicular cross-section area were measured. The procedures for data collection and 

analysis are described in Chapter II, 

Results 

There was a significant decrease (F=4.26. df=2,9, P ̂  0.05) in fork length and 

body weight in fish from the 36°C treatment as compared to the 27 and 34°C treatments 

(Fig. 3 1 and 3 2). However, there were no significant diflferences in gonadal cross-

section area in testes (7=4.26. df=2,9. P < 0.05) and ovaries or oocyte cross-section area 

in ovaries (F=5 14. df=2,6, P <0.05). among any of the treatment groups (Fig. 3.3-3.5). 

Discussion 

Exposing 23-day-old channel catfish fiy to 27. 34 and 36°C for a period of 14 

days did not inhibit gonadal development. The exposure did, however, negatively affect 

the somatic growth in the 36°C fish. The 36°C treatment also caused spinal curv̂ ature in 

several of the fiy after 9 days of treatment. 

Reduction of gonadal development in fish by exposure to elevated sub-lethal 

temperatures has been reported in a few species (Fat-Hallah, 2000; Stmssmann et al., 

1998) and may be effective in channel catfish fiy. However, the temperature used in this 

stiidy did not seem to have immediate effects at the completion of the 2-week exposure. 

Nevertheless, the possibility of delayed effects cannot be mled out. 
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27 34 36 

Temperature (°C) 

Fig -̂̂  I Mean fork length (+SE) of 37-day-old channel 
catfish frv at the conclusion of a 14-day exposure to elevated 
sub-lethal temperatures Columns with identical letters are not 
significantly different (one-way . \N0\ A followed by Duncan's 
Multiple Range Test (P < 0 05, n=4) 

1.00 

0,00 
27 34 36 

Temperature (°C) 

Fig, 3 2 Mean weight (+SE) of 37-day-old channel catfish 
fry at the conclusion of a 14-day exposure to elevated sub-lethal 

temperatures. Columns with identical letters are not significantly 
different (one-way ANOVA followed by Duncan's MuUiple Range 
Test (P < 0,05, n=4). 
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Ovary 

Temperature (°C) 

Fig -1-^ Mean ovarian cross-section area (+SE) of 37-day-old 
channel catfish fry at the conclusion of a 14-day exposure to 
elevated sub-lethal temperatures Columns with identical letters 
are not significantly different (one-way ANOVA followed by 
Duncan"s Multiple Range Test (P < 0 05, n=3) 
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Oocyte 

27 34 36 
Temperature (°C) 

Fig, 3 4 Mean oocyte cross-section area (+SE) of 37-day-old 
channel catfish fry at the conclusion of a 14-day exposure to 
elevated sub-lethal temperatures Columns with identical letters 
are not significantly different (one-way ANOVA followed by 
Duncans Multiple Range Test (P < 0.05, n=3). 
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Testis 

1500 

27 34 36 

Temperature (°C) 

Fig ."̂  5 Mean testicular cross-section area (+SE) of 37-day-old 
channel catfish fiy at the conclusion of a 14-day exposure to 
elevated sub-lethal temperatures Columns with identical letters 
are not significantly different (one-way ANOVA followed by 
Duncan"s Multiple Range Test (P < 0 05, n=4) 
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