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Short description

Determine if female fish sexual maturity can be achieved earlier (thus increased reproductive capacity and reduced generation time) due to a drastic growth rate increase (3.5 times normal) induced by the use of somatotropin.
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Salmonid, White Sturgeon
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2
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3
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Section 4.  Objectives, tasks and schedules

Past accomplishments

Year
Accomplishment
Met biological objectives?

None
None
None













Objectives and tasks

Obj 1,2,3
Objective
Task a,b,c
Task

1
Test the effects of various dosage levels of bovine somatotropin on physiological growth in young white sturgeon.
a
Conduct growth trials with 40,80 and 120 mcg somatotropin/g body weight to determine optimal growth conditions.

2
Test the effects of various dosage levels of bovine somatotropin on physiological growth and its relationship to a) the timing of sexual maturity, b) fecundity and c) egg quality in rainbow trout.
b
Conduct trout trials to determine optimal growth conditions and carry out the sexual maturity, fecundity and egg quality studies.

3
Investigate the relationship of growth hormone, IGF-I and IGF-II to growth rate and sexual maturity in rainbow trout and white sturgeon.
c
Conduct trout trials to determine optimal growth conditions and carry out the sexual maturity, fecundity and egg quality studies.

4
Test the effects of various dosage levels of bovine somatotropin on physiological growth and its relationship to a) the timing of sexual maturity, b) fecundity and c) egg quality in white sturgeon.
d
Conduct the necessary animal trials with graded levels of somatotropin, other than that optimal for growth to determine the effect of these levels on sexual maturity fecundity and egg quality.

5
Test the effects of various dosage levels of bovine somatotropin on the periodicity of white sturgeon spawning.
e
Carry out the trials to determine the periodicity of spawning.
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Obj #
Start date

mm/yyyy
End date

mm/yyyy
Measureable biological objective(s)
Milestone

FY2000

Cost %


1
11/1999
2/2000
Optimal growth conditions

9.00%

2
11/1999
4/2001
Determination of earlier sexual maturity in salmonids if successful
Yes
25.00%

3
6/2000
2/2002
An understanding of the growth stimulating hormones and onset of sexual maturity

19.00%

4
1/2002
10/2003
Determination of earlier sexual maturity in sturgeon if successful
Yes
28.00%

5
1/2002
9/2004
Determination of periodicity of sturgeon spawning
Yes
19.00%





Total
100.00

Schedule constraints

Completion date

FY 2004

Section 5.  Budget

FY99 project budget
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FY2000 budget by line item 

Item
Note
% of total
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Personnel
Post-Doctoral Research Assoc.

33,000

Fringe benefits
Post-Doctoral Research Assoc.

9,405

Supplies, materials, non-expendable property


34,450

Operations & maintenance




Capital acquisitions or improvements (e.g. land, buildings, major equip.)




NEPA costs





Construction-related support





PIT tags

# of tags: 200

580

Travel
One meeting. Travel to off-campus fish laboratory

3,900

Indirect costs
31.5%

47,145

Subcontractor





Other
Technical Res. Assoc. (100%)

Fringe, Tech. Res. Assoc. (34.5%)

Aquaculture Core

Hormone Assay Core

Administrative Core

28,500

9,832

15,000

10,000

5,000

TOTAL BPA FY2000 BUDGET REQUEST

196,812

Cost sharing

Organization
Item or service provided
% total project cost (incl. BPA)

Amount ($)

None
None
None
None
















Total project cost (including BPA portion)



Outyear costs


FY2001
FY02
FY03
FY04

Total budget
$191,400
$189,000
$179,500
$162,500
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PART II - NARRATIVE

Section 7.  Abstract

The overall objective is to develop a bovine somatotropin (bST) treatment regime that will result in the increased reproductive capacity and reduced generation time of female salmonid (rainbow trout) and white sturgeon.  We hypothesize that increased growth rate is highly correlated with earlier sexual maturity, as is the case with mammals, and have already demonstrated that the growth of white sturgeon can be increased to 3.5 fold with bST.  The general nature of the work will be to induce an accelerated growth rate (of several magnitudes) through the use of sustained-release bST and determine if sexual maturity can be achieved much earlier.  Our goal is to develop this application for enhanced fish production through increased reproductive capacity and reduced generation time, as well as elucidate the hormonal relationships underlying the association between growth and sexual maturity in fish. 

We will work with two different species of Pacific Northwest fish that are representative of diverse physiological traits.  White sturgeon will be studied due to their slow growth and delayed timing of sexual maturity, and rainbow trout will serve as a representative of the faster-growing cold water salmonids. Sexual maturity will be determined, egg quantity and quality measurements will be made, and related hormone levels will be studied.  This work can be achieved in a reasonable time with rainbow trout, and an assay model will be developed utilizing juvenile, nearly mature, and sexually mature female sturgeon in order to facilitate the timely generation of data necessary for this slower growing species.

Section 8.  Project description

a.
Technical and/or scientific background

The role of reproduction, more specifically female reproductive capacity (maximal egg production per female per unit of time), is critical to the maintenance and reestablishment of endangered species of wild fish, as well as the efficient propagation of other wild and cultured fish.  Increased reproductive capacity in female fish can be achieved by shortening the time to sexual maturity and by increasing egg production per spawning.  

The growth time required to achieve sexual maturity is a major problem with certain fish, such as white sturgeon (Acipenser transmontanus), which may take 11-20 years to achieve their first spawn [Conte et al., 1988] and, thereafter, may spawn at a frequency of every 2-8 years.  Decreasing the time to the first spawn (sexual maturity) and increasing the frequency of spawning would be of considerable benefit to the management of many wild fish. [Bromage et al., 1992].  

Rainbow trout are highly fecund, in contrast to sturgeon, producing a single batch of 2000-3000 4-5 mm eggs per kilogram of body weight each year.  Oocyte development in trout comprises two phases, primary growth and secondary growth, each of which can be divided into a number of stages [Tyler et al., 1994].  Growth occurs principally in the secondary growth phase, during vitellogenesis, when oocytes increase in size from less than 0.5 mm in diameter up to 4-5 mm [Tyler, 1991, Tyler et al., 1996].  Most of this growth is accounted for by the uptake of the extra-ovarian protein vitellogenin from the blood.  Fecundity is normally determined by early vitellogenesis, and subsequently there is little, if any change in the number of oocytes recruited in to the secondary growth phase through to ovulation nine months later [Tyler, 1990].  Little is known in most animals about the factors affecting recruitment or about the mechanisms controlling oocyte growth and development.  Even less is known about the determinants of fecundity.  Therefore investigation of the interaction between growth and reproduction and the potential role of growth hormone is being emphasized.

Growth hormone (GH) is a principal regulator of somatic growth in salmonids.  The observation of some increased growth rate has been indicated in coho salmon and rainbow trout by investigators using somatotropin from bovine [ McLean et al., 1990], porcine [McLean et al., 1992], ovine [Foster et al., 1991] and fish [Agellon et al., 1988] sources.  Our laboratory has demonstrated that the mode of administration and dosage pattern of growth hormone is critical in determining the magnitude of growth response of rainbow trout [Garber, et al., 1995], and that growth rates can readily be at least doubled with certain treatments [Schelling et al., 1997}. Our more recent work with 350 gram white sturgeon has indicated a tremendous increase in growth rate of over 3.5-fold by the administration of exogenous bovine growth hormone [Schelling, et al., submitted], and we have observed similar results in channel catfish.  Evidence for a direct relationship between female growth rate, or size, and sexual maturity in cattle and other mammals is well established [Murphy, et al., 1991; Gong et al., 1991], and it is suggested to exist in teleost fishes by observations of 1) elevated plasma GH levels in sexually mature fish, 2) increased plasma GH levels following administration of sex steroid hormones and 3) the stimulatory effect of GH on the production of gonadal steroid hormones [Bromage et al., 1992; Bromage and Cumaranatunga, 1988; Bromage et al., 1990a; Sumpter et al., 1991; Le Gac et al., 1993; Moriyama et al., 1997; Bjornsson et al., 1994; Bjornsson, 1997; Holloway and Leatherland, 1997].

On the basis of mammalian work and some fish work, it appears that the growth stimulating effect of GH is integrated with that of (IGF-I).  GH stimulates protein synthesis and improves feed conversion during growth.  The hormone also promotes lipid and glycogen breakdown as well as gluconeogenesis, functions which are probably of great importance during fasting when GH levels are seen to increase.   It is becoming clear that GH is an important and multi-functional hormone in salmonids, and probably most other fish, and a central mediator of seasonal changes in physiology and behavior.  Its role in osmoregulation and feeding behavior is being elucidated [Sakamoto et al., 1993; McCormick, 1995].  A key question remaining is whether GH is involved in the regulation of sexual maturation in fish.   

Correlation of GH levels to gonadal development has been studied in Atlantic salmon [Bjornsson et al., 1994 ], chum salmon [Kakisawa et al., 1995 ] and rainbow trout [Sumpter et al., 1991; Holloway and Leatherland, 1997].  GH receptors have been identified in rainbow trout gonads [Yao et al., 1991; Le Gac et al., 1992].  GH modulates steroid production by rainbow trout gonads in vitro [Sing et al., 1988; Le Gac et al., 1992], and raises estradiol and testosterone levels in juvenile rainbow trout [Van Der Kraak et al., 1990].   Endogenous GH levels are elevated during sexual maturation in rainbow trout [Sumpter et al., 1991; Foucher et al., 1992; Le Gac et al., 1992] as well as in Atlantic salmon [Bjornsson et al., 1994] and chum salmon [Kakisawa et al., 1995 ].  As salmonids naturally stop feeding during sexual maturation, the increased GH levels have been interpreted to be a response to fasting [Sumpter et al, 1991; Foucher et al., 1992].  Gonadal steroid treatment of fed and fasted rainbow trout indicate that GH levels are correlated to sexual maturation, timing of ovulation and steroid levels [Bjornsson et al., 1994; Holloway and Leatherland, 1997].  Gonadal steroid priming of immature rainbow trout increases pituitary responsiveness in vitro to GH secretagogues such as gonadotropin releasing hormone (GnRH) [Holloway and Leatherland 1997a] and the excitatory amino acid N-methyl-DL-aspartate [Flett et al., 1994; Holloway and Leatherland 1997a,c].  Similar enhanced responsiveness has been found in sexually maturing rainbow trout [Holloway and Leatherland 1997a], offering a possible explanation for increased GH levels during sexual maturation.

Administration of growth hormone to teleost fishes results in elevated levels of IGF-I mRNA [Cao et al., 1989; Duan, et al., 1994] and plasma IGF-I [Moriyama 1994, 1995].  Little work has been done with IGF-II in fish.  The relationship of plasma IGF-I to sexual maturity has been investigated in precociously maturing salmon [Moriyama et al., 1997], while hepatic IGF-I mRNA levels have been compared in juvenile vs. mature trout [Shamblott and Chen, 1993].  In coho salmon, IGF-I mRNA expression has been observed in the gonad [Duan, 1995] and IGF-I appears to be effective on ovarian steroidogenesis [Maestro et al., 1995].   IGF-I induces maturation of oocytes in red seabream by its action as a potent inducer of germinal vesicle breakdown (GVBD) [Kagawa, 1994].  IGF-I expression in catfish tissues has been studied by McRory and Sherwood [1994], but no other investigations have been conducted in catfish to observe for a relationship between growth and sexual maturity.  No investigations, to date, have examined the presence or role of IGF-I and IGF-II in sturgeon.  Further study is warranted to examine the physiological significance of GH and IGF-I and IGF-II to sexual maturity.  The use of exogenous bST over-rides the negative feedback effects of IGF-I on GH release from the pituitary in rainbow trout [Perez‑Sanchez et al., 1992; Blaise et al., 1995].

White sturgeon typically reach sexual maturity between the ages of 11-20 years.  It is size, however, rather than age, which appears to be important to the onset of sexual maturity since captive female sturgeon have been observed to reach earlier sexual maturity through control of nutrition, water temperature and photo period [personal communication with Serge Doroshov].  The reproductive physiology and development of sturgeon exhibit many features common to amphibians and mammals, such as the primary structure of the gonadotropin-releasing hormone [Lescheid et al., 1995], the nucleotide and derived amino acid sequences in the vitellogenin gene [Bidwell and Carlson, 1995], and embryonic development [Detlaff et al., 1993].   Comparison between the conformations of sturgeon somatotropin and somatotropins isolated from several mammalian species, including bovine and human, indicates a close relationship between these molecules [Bewley and Papkoff, 1987].  

b.
Rationale and significance to Regional Programs

The role of reproduction, more specifically female reproductive capacity (maximal egg production per female per unit of time), is critical to the maintenance and reestablishment of endangered species and reduced numbers of wild fish.  Increased reproductive capacity in female fish can be achieved by shortening the time to sexual maturity and by increasing egg production per spawning.  

The growth time required to achieve sexual maturity is a major problem with certain fish, such as sturgeon, which may take 11-20 years to achieve their fist spawn.  Furthermore, sexually mature female sturgeon have a spawning frequency of 2-8 years.  This has contributed to the decline and endangerment of fish populations such as the white sturgeon, Acipenser transmontanus, population in the Kootenai River ecosystem in Idaho, Montana and British Columbia which was listed as endangered on September 6, 1994 (59 FR 45989) under the authority of the Endangered Species Act of 1973.  This action was taken in response to the virtual absence of natural recruitment during the past two decades, and an aging and declining population size [Anders and Richards, 1996].  Research efforts aimed at decreasing the time to the first spawn (sexual maturity) and increasing the frequency of spawning would be of considerable benefit to the management of many wild fish as well as the efficiency of commercially produced fish.

The detailed physiological relationship between growth rate and time of sexual maturity and egg production per spawn is not well understood in fish.  Our laboratory has demonstrated that the mode of administration and dosage pattern of growth hormone is critical in determining the magnitude of growth response of rainbow trout, and that growth rates can readily be at least doubled with certain treatments. Our more recent work with 350 gram white sturgeon has indicated a tremendous increase in growth rate of over 3.5-fold by the administration of  bovine growth hormone (bST), and we have observed similar results in channel catfish.  The use of bST  is partially based on its current availability due to its commercial production and use in the cattle industry.  Another advantage is that this material can be readily administered in a sustained-release form.  The impact of this rather drastic accelerated growth rate will be investigated with primary focus on age and size of fish at sexual maturity, and the quantity and quality of egg production of female salmonid (rainbow trout) and white sturgeon.

The direct relationship between female growth rate, or size, and sexual maturity in cattle and most other mammals is well established and is suggested  to also exist in fish.  The hypothesis for this work is that the increased growth rate of bovine somatotropin treated female fish will have a significant impact upon a) the minimal time required for the first spawn and b) the number and quality of eggs produced at first and subsequent spawns.
c.
Relationships to other projects

The current status of research investigating the relationship between physiological growth and onset of sexual maturity in fish is in an advanced infancy stage.  Growth hormone appears to be a principal regulator of somatic growth in salmonids and its growth stimulating effects are probably integrated with that of IGF-I.  Increased levels of GH and IGF-I have been reported to correlate with sexual maturation in trout and salmon, but no studies have been conducted on the kinetics of exogenous GH administration on IGF-I and IGF-II release into the bloodstream.    

Recent studies reporting the production of IGF-I at the level of the ovary suggest a possible mechanism for growth-induced sexual maturation.  Further study is certainly warranted to examine the physiological significance of GH and IGF-I and IGF-II to sexual maturity.

Most of the studies on the relationship between growth and sexual maturity are being conducted in salmonids while minimal information exists for sturgeon.  Researchers at the University of California  (personal communication) have observed that by controlling several environmental cues and by maximizing nutritional growth, female sturgeon can reach their first spawn earlier than the 11-20 years typical for wild fish.  This certainly suggests that attempts to regulate sexual maturity with growth stimulants may greatly impact the reproductive capacity of sturgeon and play a critical role in the maintenance and reestablishment of endangered species of wild fish.

d.
Project history
 (for ongoing projects)

(Replace this text with your response in paragraph form)

e.
Proposal objectives
  

To test the hypothesis that the increased growth rate of bovine somatotropin treated female fish will have a significant impact upon (a) the minimal time required for the first spawn and (b) the number and quality of eggs produced at first spawn and subsequent spawns, we will work with two different species that are representative of various physiological traits and/or fish use traits.  White sturgeon will be studied due to their slow growth and delayed sexual maturity and rainbow trout will be a representative of the fast-growing cold water salmonids.  The general nature of the study will be to induce an accelerated growth rate through the use of bST and follow the fish through sexual maturity to collect eggs for quantitative and qualitative measurements.   Furthermore, to provide insight into the mechanism(s) by which endocrines of the pituitary-gonadal axis effect sexual maturity, circulating and gonadal levels of IGF-I and IGF-II will be correlated with the egg quality and quantity data. 

Objective 1: Test the effects of various dosage levels of bovine somatotropin on physiological growth in young white sturgeon.

Objective 2:  Test the effects of various dosage levels of bovine somatotropin on physiological growth and its relationship to a) the timing of sexual maturity, b) fecundity and c) egg quality in rainbow trout.  

Objective 3: Investigate the relationship of growth hormone, IGF-I and IGF-II to growth rate and sexual maturity in rainbow trout and white sturgeon.
Objective 4: Test the effects of various dosage levels of bovine somatotropin on physiological growth and its relationship to a) the timing of sexual maturity, b) fecundity and c) egg quality in white sturgeon.

Objective 5: Test the effects of various dosage levels of bovine somatotropin on the periodicity of white sturgeon spawning.

f.
Methods

Somatotropin effect on growth in juvenile sturgeon.  Our laboratory has demonstrated dramatically increased growth rates in rainbow trout, channel catfish and white sturgeon using sustained release bST.  However, the optimal dosage conditions have not been studied in sturgeon.  Our first objective will involve intraperitoneal injections of various bST dosages (0, 40, 80,120,160 g/g body weight) of 150 juvenile sturgeon at 3-week intervals for at least one year to measure growth rates (weight and length).  The fish will be maintained in an outdoor concrete run supplied with continuous water flow of 15L/min, a constant temperature of 15C, and natural photo period.  The information gained will be used to understand physiological growth in sturgeon and will facilitate knowledge for which range of bST dosage will be needed in our study of more mature sturgeon.

Determining stage of ovarian development in sturgeon
This parameter provides direct information on the ovarian development and allows us to examine female stock recruitment into vitellogenesis and final ovarian maturation.  Ovarian biopsies will be collected from fish anesthetized in tanks containing 50-100 mg/L of MS-222.  Each fish will be placed on a hooded stretcher ventral side up, with a flow of fresh water maintained across the gills.  A 2-3 cm incision will be made slightly lateral to the ventral mid-line and small (approximately 2 cm3) piece of gonadal tissue will be removed and preserved in 10% buffered formalin.  Histological processing of the ovarian biopsies will include dehydration in a series of alcohols, clearing in xylenes, embedding in paraffin, sectioning at a thickness of 6 microns, and staining slides by periodic acid Schiff reagent differentiating glycoprotein structures (egg chorion and yolk platelets).  Microscopic examination and analyses of slides will be based on previous studies of the ovarian histology in wild white sturgeon females [Chapman et al., 1987; Doroshov et al., 1991].  The stage of ovarian development will be determined by a score based upon ten distinct parameters, characterizing advanced development and differentiation of the ovarian follicle.  

Score 0: Gonads contain clusters of gonial cells, connective and adipose tissues.  During the biopsy the ovary is small and the gonadal tissue is a narrow ovigerous “ribbon.”

Score 1: Oocytes enter cytoplasmic growth phase, and a thin PAS-positive basal lamina forms around each egg, separated from gonial clusters (which are still present).  The cytoplasm is basophillic and the nucleus contains a few darkly stained nucleoli.  The gross anatomy of the gonad is similar to score 0.

Score 2: Cytoplasm of the oocytes contains non-staining cortical vesicles.  The basal lamina is thick and separates theca from granulosa layers.  The granulosa layer contains only a few undifferentiated cells.  Cytoplasm remains basophilic and there are still some patches of gonial cells in the ovarian tissue.  The gonad is still similar to earlier stages although ovigerous folds are obvious and extend throughout the lateral side of the ovary.
Score 3: There are two, distinctly different in size, populations of oocytes: one is similar to the above described oocytes, and another is enlarged and possesses a less basophilic cytoplasm and fewer vesicles in the cytoplasm cortex.  The follicular epithelium (granulosa) in the larger sized oocytes begins mitotic proliferation, and the outer follicular layer (theca) has some vascularization.  The network of blood capillaries transports yolk precursor, vitellogenin, and oxygen to the developing eggs.  A perinuclear framework of rough endoplasmic reticulum and oil droplets is formed.  During this stage the oocytes become visible by the unaided eye, and appear to be translucent spheres dispersed throughout the ovigeous folds.

Score 4: The distinguishing feature of this score is the differentiation of the first, PAS-positive, layer of the egg chorion, zona radiata 1.  Granulosa cells increase in thickness and become more cuboidal.  The well differentiated thecal layer is vascularized.  The oocytes have a very light basophilic (sometimes slightly eosinophilic) cytoplasm.  At this stage, the developing oocytes are visible as very small white spheres embedded in the ovarian folds.

Score 5: In addition to the differentiated granulosa layer and a one layered chorion, there are small yolk platelets in the cytoplasm, recognized by their oval shape and eosinophilic or PAS-positive staining.  The eggs in the ovary are seen as slightly larger spheres, while to yellowish in color.

Score 6 and 7: Differentiation of the second and third PAS-positive layers of chorion, correspond respectively to scores of 6 and 7.  As egg size increases, the density and size of yolk platelets also increase.  The ovary greatly enlarges due to intense oocyte growth.  The individual egg size is about 1 mm.

Score 8: This score is given to females that have vitellogenic oocytes that are starting to darken in color as melanin pigment is deposited in the egg cortex.  When this process begins, the oocytes are approximately 1.5 mm in diameter.

Score 9: During this stage, the nucleus (GV) moves off-center towards the animal pole.  The animal pole contains small, round, yolk platelets, while the vegetal hemisphere of the egg contains larger, oval-shaped, yolk platelets and numerous medium-sized oil droplets.  Small PAS-positive cortical vesicles (true cortical alveoli) appear as a single layer in the cytoplasm, adjacent to the oocyte membrane.  During the time between score 8 and 9, the eggs darken and grow another 1 mm.  The ovary is now full of large black eggs, about 3 mm in size.

Score 10: The structure of the oocyte is similar to score 9, but the nucleus has now migrated into the egg cortex near the animal pole and is almost completely submersed in the small, round, yolk platelets. 

The scoring system described above clearly discriminates all stages of vitellogenesis.  In defining the development of sexual maturity, we will consider all females with a score of 4 to have initiated the formation of the egg chorion (zona radiata 1) but with no yolk deposition apparent.  Females with a score ranging from 5 to 8 are vitellogenic.  Broodstock with a score of 9 or 10 are approaching final ovarian maturity.  

Induction of spawning in sturgeon.  In captivity, the reproductive development in a large number of maturing female sturgeon remains arrested at the previtellogenic stage.  Even in those females that advance to spawning, oocyte maturation and ovulation does not occur spontaneously, necessitating the hormonal induction of spawning events [Moberg and Doroshov, 1996].   Optimal conditions for the timing of induced spawning include control of important environmental cues, namely, seasonal photo period and water temperature [Moberg and Doroshov, 1996].  Using the method outlined by Van Eenennaam et al. (1996), females will be injected (IM) with a priming dose of ovulation-inducing hormone (LHRHa at 10% of the total dose) and a resolving dose 12 hours later.  Ovulation is expected 20-24 hours after the second injection at a holding temperature of 15-16C.   Females are anesthetized in 100 ppm MS-222 for 15 minutes, and their eggs are removed by aseptic caesarian surgery (10-12 cm incision).  Anesthesia is monitored during surgery lasting 40-60 minutes by alternating water supply to the gills between fresh water and 50 ppm MS-222 solution.  The incision is closed by internal and external stitches (PDS suture, Ethicon).  Fish are injected with antibiotics (oxytetracycline, 5 mg/kg).  Primary healing of the incision occurs within 1-2 months and complete healing in 4-5 months.

Data collection from spawned females will include: estimation of the percent of eggs released into the body cavity at caesarian section (% ovulation); latency time (hours after the second injection to the time when eggs were first observed in the spawning tank); total number of eggs collected determined volumetrically, egg diameter measured by image analysis. 

Fecundity
Actual fecundity is defined as the number of ripe or mature eggs produced by female fish which can be artificially stripped from the fish.  The term relative-fecundity is used to express number of eggs produced for each unit of post-stripped fish weight.  Mean egg diameter and total volume of water-hardened eggs will used to measure egg productivity.  Under commercial conditions, the eggs of rainbow trout are ovulated but not oviposited; they remain in the body cavity until they are artificially stripped from the fish.  During the period of retention in the body cavity, the eggs undergo a ripening process.  To optimized the chance for high rates of fertilization, eggs will be stripped between 4-10 days after ovulation (Springate et al., 1984).
Egg Quality Measurements
Egg quality will be assessed by measuring egg volume since this provides the most detailed comparisons of eggs from fish on different treatments [Bromage, et al., 1992].  Egg diameter will be determined by measuring to the nearest 0.05 mm by use of a stereoscopic binocular microscope fitted with an eyepiece graticule.  Volumes will be estimated according to the formula for the volume of a sphere (4/3r3).   Good quality eggs are defined as those which exhibit low levels of mortality at fertilization, eyeing, hatch and first-feeding and those which produce the fastest-growing and healthiest fry and older fish.
Measurement of IGF-I and IGF-II in plasma
Plasma IGF-I and IGF-II levels will be determined using modifications of a radioimmunoassay (RIA) procedure developed by Moryiama et al. (1994).  Briefly, in the case of IGF-I, it will be separated from IGF binding proteins by acidification and separation using size-exclusion HPLC.  RIA will be performed using recombinant salmon IGF-I (rsIGF-I) as tracer and standard.  We have conducted the iodination and RIA procedures in several species, numerous times in our laboratory, therefore, we will optimize the conditions using proven techniques.  Iodination of rsIGF-I will be conducted using  chloramine-T and RIA procedure utilizes a double-antibody procedure.  The IGF-II determination will be an analogous procedure.  The rsIGFs, as well as the primary antibodies, will be acquired from GroPep Ltd..

Measurement of IGF-I and IGF-II in the ovary
Immunocytochemical methods for determining IGF-I in ovaries have been developed by Kawaga et al. (1995) using a polyclonal antibody against rsIGF-I.  Briefly, ovarian tissue will be removed from aneshetized fish, cut into small pieces, fixed in Bouin’s solution, dehydtrated, and embedded in paraffin.  Serial 10 m sections will be cut, deparaffinized, and processed for immunocytochemical localization of IGF-I.  Immunocytochemical staining will be performed using a streptavidin-biotin peroxidase kit..  Sections will first be incubated with 3% hydrogen peroxidase for 10 min to remove endogenous peroxidase staining.  Sections will then be washed with phosphate-buffered saline (PBS) and exposed to 10% normal goat serum for 10 min to diminish nonspecific staining.  Next, sections will be incubated with anti-rsIGF-I at a dilution of 1:1000 for 30 min, washed 3X with PBS, then incubated for 10 min with the second antibody (biotinylated anti-rabbit IgG) and again washed 3X with PBS.  The sections will then be incubated with streptavidin-linked horseradish peroxidase for 10 min.  After a final wash with PBS, peroxidase avtivity will be revealed with a solution of 0.01% hydrogen peroxidase-0.05% 3, 3'-diaminobenzidine tetrahydrochloride.  An analogous procedure will be developed for IGF-II.  Microscopic examination will determine the comparison between maturational stages of the oocytes and cellular location of IGF-I and IGF-II production.

g.
Facilities and equipment

Animal facilities

A substantial variety of fish rearing facilities are available for this project on campus and at the UI Fish Culture Experiment Station in Hagerman, Idaho.  These facilities range from smaller aquariums for short-term rearing, to mid-size tanks, to large tanks, to raceways for long-term rearing of coldwater fish.  The aquariums are closed systems and all of the other tanks and raceways have an abundant supply of 15° C high quality spring water at the Hagerman facility.

The animal facilities are well equipped for the feeding, rearing, handling, pit tagging and surgical procedures proposed for this work.  

Laboratories

Well equipped chemical, physiology and radioisotope laboratories are all available to carry out all of the proposed procedures.  Purchase of major equipment and instrumentation is not required.

Animal sources

High quality, healthy rainbow trout and white sturgeon are readily available through a cooperative arrangement from the College of Southern Idaho Fisheries Program.  These fish are available in a wide variety of sizes.

Collaborators and cooperators

In addition to the College of Southern Idaho cooperation as a source of fish, arrangements are being made with commercial aquaculture fisheries for field studies or large growing facilities as the need arises.  Collaborations are in place with Monsanto Company as the source of high quality, sustained-release form of bovine growth hormone.

h.
Budget

The work will require a full-time Post-Doctoral Research Associate and Technical Research Associate to work as a major part of the team to conduct the growth and physiology work and properly carry out the laboratory work.  Materials and supplies for the animal work and laboratory work will be somewhat higher the first year than subsequent years.  There will be a limited amount of non-expendable property purchased the first year.  This will be reduced considerably the second year and be none thereafter.  Only 200 PIT tags will be needed the first year and about half that many in subsequent years.  Travel expenses include one scientific meeting and frequent trips to the off-campus fish laboratory in Hagerman Idaho. The budget also includes aquaculture core, hormone assay core and administrative core items.  These funds support the aquaculture center operations for animal handling, the hormone laboratory for the required hormone assay specialized equipment, and general administrative funding for the management of the umbrella program.  Indirect costs are based on the standard percentage established by the College of Agriculture of  the University of Idaho. 

Section 9.  Key personnel

The principle investigator and co-investigator have extensive research experience between them in the fields of growth and development, somatotropin research and fish growth.  Dr. Gerald Schelling is a Professor in the Department of Animal and Veterinary Science at the University of Idaho.  He has conducted considerable research on the effects of somatotropin on the growth, body composition and metabolism of mammals, and more recently with fish.  His laboratory has demonstrated the drastic growth response of fish to exogenous somatotropin.  Dr. Ronald Hardy is Director of the University of Idaho Fish Culture Experiment Station.  He has conducted extensive research on the nutrition and growth of trout and salmon.  The two researchers have ongoing collaborative projects with trout and sturgeon.

Principal Investigator

Dr. Gerald T. Schelling, Professor, 0.15 FTE,

Ph. D., Animal Nutrition and Growth, University of Illinois, 1968.

M.S., Animal Nutrition, University of Illinois, 1964.

B.S., Animal Science, University of Illinois, 1963.

Professor, Dept. Anim. And Vet. Sci., University of Idaho.

Professor and Head, Dept. Anim. Sci., University of Idaho.

Assoc. Professor and Professor, Dept. Anim. Sci., Texas A&M University.

Asst. Professor and Assoc. Professor, Dept. Anim. Sci., University of Kentucky.

Schelling, G.T., R.A. Roeder, E.L. Brannon and J.C. Byatt.  1997.  Stimulated growth in rainbow trout administered bovine somatotropin.  J. Anim. Sci. (Suppl. 1) 75:172 .

Zhang, C.F., M.J. Garber, G.T. Schelling, M.E. Schelling, W. Warren, and R.A. Roeder. 1998.  Expression of a bovine (b) somatotropin (ST) receptor (R) in L6 myoblasts. FASEB  J. 12(5, part 2):A836.

Schelling, G.T., R.A. Roeder, E.L. Brannon, J.C. Byatt and R.E. Rompala.  1997.  Choline and betaine supplementation to rainbow trout administered 
bovine somatotropin.  Proc. 16th Internat. Cong. Nutr. Abstr., Page 116.

Garber, M.J., K.G. DeYounge, J.C. Byatt, W.A. Lellis, D.C. Honeyfield, R.C. Bull, G.T. Schelling and R.A. Roeder.  1995.  Dose-response effects of recombinant bovine somatotropin (Posilac) on growth performance and body composition of two-year-old rainbow trout (Oncorynchus mykiss). J. Anim. Sci. 73:3216-3222.

Peterson, B.C., R.A. Roeder, M.J. Garber, T.C. Bramble, and G.T. Schelling. 1998. Serum from steers treated with PosilacTM and RevalorTM-S alone and in combination alters protein synthesis and degradation in C2C12 myotube cultures. Proc. West. Sec. Amer. Soc. Anim. Sci. 49:94.

Co-Investigator

Dr. Ronald W. Hardy, Professor, 0.10 FTE

Ph. D., Fisheries.  University of Washington, 1978.

M.S., Nutrition.  Washington State University, 1973.

B.S., Zoology.  University of Washington, 1969.

Professor, University of Idaho, Dept. Animal & Vet. Science


Affiliate Professor, University of Washington, School of Fisheries


Supervisory Research Chemist, Northwest Fisheries Center, NMFS, Seattle, WA.


Research Assistant Professor, University of Washington, School of Fisheries.

Luzzana, U., Hardy, R.W. and Halver, J.E., 1998.  Dietary arginine requirement of fingerling coho salmon (Oncorhynchus kisutch).  Aquaculture, 163: 137-150.

Kim, J., Massee, K.C. and Hardy, R.W., 1996.  Adult Artemia as food for first feeding coho salmon (Oncorhynchus kisutch).  Aquaculture, 144: 217-226.

Skonberg, D. I., Yogev, L., Hardy, R. W. and Dong, F. M., 1997.  Metabolic response to dietary phosphorus intake in rainbow trout (Oncorhynchus mykiss). Aquaculture, 157: 11-24. 

Stickney, R.R, Hardy, R.W., Koch, K., Harrold, R., Seawright, D., and Massee, K.C., 1996.  The effects of substituting selected oilseed protein concentrates for fish meal in rainbow trout diets.  J. World Aqua. Soc., 27: 57-63.

Hardy, R. W.  1995.  Current Issues in Salmonid Nutrition.  Pp. 26-35 In Nutrition and Utilization Technology in Aquaculture, C. E. Lim and D. J. Sessa, eds.  AOCS Press, Champaign, Illinois.

Post-Doctoral Research Associate

To be hired.  1.0 FTE

A Ph.D. degree and training in the area of fundamental fish reproductive physiology and endocrinology are required.  This individual will be responsible for the daily operations in the overall conduction of the research.  They will also be responsible for conducting and/or training the Technical Research Associate to conduct the highly technical aspects of the research.  They will also be responsible for evaluating data and preparing reports on the progress of the research.

Technical Research Associate

To be hired.  1.0 FTE

A M.S. degree and training in the area of animal physiology and/or biochemistry are required.  This individual will be responsible for conducting routine assays and techniques, and data handling in support of the research.

Section 10.  Information/technology transfer

The information and technology resulting from this work will first be reported at scientific meetings and working group meetings in order to provide rapid information transfer.  Subsequent publication in scientific and applied journals will proceed in a timely fashion.
Congratulations!
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�PAGE \# "'Page: '#'�'"  ��Insert percentage as a decimal (i.e., enter .1 for 10%)


�PAGE \# "'Page: '#'�'"  ��Identify any constraints that may cause schedule changes.


�PAGE \# "'Page: '#'�'"  ��Enter the last year that the project is expected to require funding.


�PAGE \# "'Page: '#'�'"  ��This section has three tables: 1) FY2000 budget by line item, 2) Cost sharing, and 3) Outyear costs.  Instructions follow each heading.


�PAGE \# "'Page: '#'�'"  ��This figure is also available in the FY99 Fish & Wildlife Program at www.streamnet.org


�PAGE \# "'Page: '#'�'"  ��List FY2000 budget amounts for each category.  If an item needs more explanation, provide it in the Note column.


a) If project uses PIT tags, include the cost ($2.90/tag).


b) If you add rows, please only add subcontractors (any other insertions will be misintepreted by the database).  To add rows, select an entire subcontractor row, then copy and paste it where appropriate.


c) You will need to manually calculate the % of total column and FY2000 sum.


�PAGE \# "'Page: '#'�'"  ��You will need to manually calculate this column.  When all budget category amounts have been entered, calculate the FY2000 sum, then do this column.


�PAGE \# "'Page: '#'�'"  ��Estimate for environmental analysis-NEPA


�PAGE \# "'Page: '#'�'"  ��For construction projects, include cost estimates for land design, construction management, construction contingencies and warranty service.


�PAGE \# "'Page: '#'�'"  ��@$2.90/ea. In estimating the number of tags needed, remember that only 134.2kHz tags will be usable in FY2000 due to the transition to the new detection frequency.


�PAGE \# "'Page: '#'�'"  ��If you need more rows, select an entire row, then copy and paste it where appropriate.


�PAGE \# "'Page: '#'�'"  ��Calculate this field manually.


�PAGE \# "'Page: '#'�'"  ��List other funding sources and how they participate in your project.  Enter a dollar amount in the far right column.  When all organizations have been entered, calculate the total project cost by adding the above lines, plus the FY2000 sum from the previous table. If you need more rows, select an entire row, then copy and paste it where appropriate.


�PAGE \# "'Page: '#'�'"  ��You must calculate this column manually. When all cost share amounts have been entered, calculate the total cost (and include the FY2000 sum from the previous table), then calculate this column.


�PAGE \# "'Page: '#'�'"  ��Calculate this field manually, and include the FY2000 sum from the previous table.  Then calculate ‘% total project’ column.


�PAGE \# "'Page: '#'�'"  ��List budget amounts for the next four years.


�PAGE \# "'Page: '#'�'"  ��Provide complete citations to all publications referred to in any of the narrative sections or Other Planning Document References field in Section 1.  For publications related to watershed assessment, mark the Watershed column. If you need more rows, select an entire row, then copy and paste it where appropriate.  List in order: author(s), date, title, report number, publisher or agency, location. References will not be read by reviewers; the substance of any reference should be described in the text and the source cited.
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Rondorf, D.W., and K.F. Tiffan.  1997.  Identification of the spawning, rearing and migratory requirements of fall chinook salmon in the Columbia River Basin.  Annual Report 1995.  DOE/BP-21078-5, Bonneville Power Adminsitration, Portland, Oregon.


�PAGE \# "'Page: '#'�'"  ��A condensed description to briefly convey to other fish and wildlife scientists, managers and non-specialists the background, objectives, approach and expected results.  In under 250 words, include the following: a) Specific items in any solicitation being addressed; b) Overall project goals and objectives; c) Relevance to the 1994 Columbia Basin Fish and Wildlife Program (benefit to fish and wildlife); d) Methods or approach based on sound scientific principles; e) Expected outcome and time frame; f) How results will be monitored and evaluated.


�PAGE \# "'Page: '#'�'"  ��This full description of the project should be in sufficient detail to include the following information under headings a through h (maximum of 10 pages for entire project description):


�PAGE \# "'Page: '#'�'"  ��Describe the background, history, and location of the problem.  Clearly identify the problem.  If you are proposing a research project or a project that depends on research, include a scientific literature review. The review should cover the most significant previous work history related to the project, including work of key project personnel on any past or current work similar to the proposal.  The purpose of the literature review is to place the proposed research in the larger context of what work has been done, what is known, and what remains to be known.  All references should be concisely summarized, cited, and listed above in Section 6 References.


�PAGE \# "'Page: '#'�'"  ��Describe the relation of your proposed project to the goals and objectives of the 1994 Fish and Wildlife Program (FWP), NMFS Biological Opinion, or other plans.  Make a convincing case for how the proposed work will further goals of the FWP.  Relate project objectives and hypotheses as specifically as possible to the FWP objectives and measures or to other plans.  Indicate whether the project mitigates losses in place, in kind, or if out-of-kind mitigation is being proposed.  Show how the proposed work is a logical component of an overall conceptual framework or model that integrated knowledge of the problem.  Any particularly novel ideas or contributions offered by the proposed project should be highlighted and discussed.


�PAGE \# "'Page: '#'�'"  ��List and discuss relevant projects in progress in the Columbia Basin and elsewhere in relation to the proposed project.  Indicate how your proposed project complements or includes collaborative efforts with other projects. Put the work into the context of other work funded under the FWP. Describe synergistic relationships among the proposed project, other project proposals, and existing projects.  If the proposed project requires or includes collaboration with other agencies, organizations or scientists, or any special permitting to accomplish the work, such arrangements should be fully explained.  If the relationship with other proposals is unknown or is in conflict with another project, note this and explain why.





This is intended to supplement the Relationships table in Section 3; consequently, some information will need to be repeated from Section 3.  This narrative section allows for more detailed descriptions of relationships, includes non-interdependent relationships, and includes those not limited to BPA funded projects.


�PAGE \# "'Page: '#'�'"  ��If the project is continuing from a previous year, the history must be provided.  This includes projects that historically began as a different numbered projects (identify number and short title).  For continuing projects, the proposal primarily will be an update of this section.  List the following:


-	project numbers (if changed)	-	adaptive management implications


-	project reports and technical papers	-	years underway


-	summary of major results achieved	-	past costs


�PAGE \# "'Page: '#'�'"  ��Present specific, measurable objectives or outcomes for the project in a numbered list (use those from the Objectives table in Section 4).  Research proposals must concisely state the hypotheses and assumptions necessary to test these.  Non-research projects must also state their objectives.  Clearly identify any products (reports, structures, etc.) that would result from this project.  For example, an artificial production program may state the species composition and numbers to be produced, their expected survival rates, and projected benefits to the FWP.  A land acquisition proposal may state the conservation objectives and value of the property, the expected benefits to the FWP, and a measurable goal in terms of production.  Methods and tasks (in heading f, below) are to be linked to these objectives and outcomes (by number).


�PAGE \# "'Page: '#'�'"  ��Describe how the project is to be carried out based on sound scientific principles (this is applicable to all types of projects).  Include scope, approach, and detailed methodology.  If methods are described in detail in another document, concisely summarize the methods here in enough detail to satisfy peer review and cite reference.  The methods should include, as appropriate, but not be limited to such items as:


-	tasks associated specifically with objectives (from Objectives table in Section 4)


-	critical assumptions


-	description of proposed studies, experiments, treatments or operations in the sequence that they are to be carried out


-	any special animal care or environmental protection requirements


-	any risks to habitats, other organisms, or humans


-	justification of the sample size


-	methods by which the data will be analyzed


-	methods for monitoring and evaluating results


-	kinds of results expected





Each proposer should complete the methods section with an objective assessment of factors that may limit success of the project and/or critical linkages of the proposal with other work (e.g., a smolt monitoring program, etc.).


�PAGE \# "'Page: '#'�'"  ��All major facilities and equipment to be used in the project should be described in sufficient detail to show adequacy for the job.  For example, the proposal should indicate whether there are suitable (based on contemporary standards) field equipment, vehicles, laboratory and office space and equipment, life support systems for organisms, and computers.  Any special or high-cost equipment to be purchased with project funds should be identified and justified.  This section should be no longer than a few paragraphs.  It is not necessary to produce an exhaustive list of minor equipment such as office supplies.


�PAGE \# "'Page: '#'�'"  ��Write a brief narrative justifying the amounts requested for each budget item in Part I Section 5.  Describe any special factors that should be considered in reviewing budget items from Part I Section 5 (e.g. increases from last year’s budget, cost sharing opportunities, proportionally high indirect costs, etc.).


�PAGE \# "'Page: '#'�'"  ��Include names, titles, FTE/hours, and one-page resumes for key personnel (i.e. principal investigator, project manager), and describe their duties on the project. Emphasize qualifications for the proposed work.  Resumes should include name, degrees earned (with school and date), certification status, current employer, current responsibilities, list of recent previous employment, a paragraph describing expertise, and up to five recent or especially relevant publications or job completions.
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