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EXECUTIVE SUMMARY

1. Title: Reproductive Life History of Chinese Mitten Crab, Ertocl~eb" stn~sts:
Identification of possible reproductive disrupters to reduce ecological impact on
endangered delta species.

Applicant Names: Brian Tsukimura, Department of Biology, California State University,
Fresno.

2. Prelect Descriatiun and nrimarv Biological Obiectives: This project will d~termine the
reproductive life history of the invasive mitten erab, Erioeheir ~inensi.~, and identify possible
biological and environmental cues that stimulate the onset of gonadal maturation and
downstream migration. Presently, sciantifieally sound programs cannot be initiated because the
bad1� l~fe history of these invasive crabs is unknown in California. Data from this project will
allow the d~velopment of pmactive programs to control and possibly eradicate these invasive
species. To this end, an EL1SA (Enzyme-linked Immunosothant assay) will be deve!oped to
quickly assess the reproductive status of females, beth prior to and during their dowusiream
migrations. These data are necessary because the reproductive life histories of the mitten crab in
Europe are diasimilar to that of their native China. Gonadal maturation data will be eulleeted
from both juvenile and adult mitten crabs throughout the year. In addition, environmental
factors, such as temperature and light cycle, will be studied to determine their effects on
reproduction and downstream migration. These data will identify targets for chemical mediation
of reproduction or behavior. These targets will then be investigated using known hormones that
function in other crustaceans. Known chemical roediators will be administered to both .iuvenile
and maturing females to determine the effectiveness of thase agents in retarding the maturatiun
of gonadal development. Any environmental treatment (with chemicaLs) might also effect the
local crayfish. Thus, similar experiments will also be conducted upon the local species of
crayfish to ensure that any proposed treatments will not negatively impact the crayfish industry
in the Sacramento Rive#Sen Joaqnin Delta system. These data will provide inMghts into the
timing and possible mechanisms that stimulate gonadal maturation and the downstream
migration. Interference of the stimuli for reproductive matmation would prevent either gonadal
maturation or the downstream migration and thus decrease the damage to the endangered and
threatened fish caught in the BOR and DWR fish screens. Data from this proposal will greatly
enhance the ability of the FEP and Mitten Crab PWT in making critical decisions concerning the
regulation, control, and management of the this invasive crab. In addition, the IEP will be able
to avoid facing rash measures to control the mitten crab in the event that the exponential increase
crab population continues and potantially forces the cessation of water pumping to avoid killing
endangered fish species that inhabit the delta system.

3. Approach/Tasks/Schedule: This 3 year pro.~ect will develop assays to quickly determine the
reproductive state of mitten crabs and determine what environmental stimuli are required to
initiate gunadal development mad downs~am migration. Without these dma, it will be difficult
for any regulatory agency to make scientifically sound decisions on the reg~intion and control of
the invasive mitten crab. The characterization of the vitellin" development of an antibody, and
devclopmem of the ELISA and Western Blot assays will occur during year 1. Samples from
wild crabs and those grown in cnviromnental chambers can be stored until the ELISA is
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developed. Sample collection can thus be emried out before the assay is completed operational.
S~mples will be collected to determine the normal reproductive cycle of the mi~n crab in
California. In particular, the status of gonadal development during their downatre~n migration
will be examined. The 2’~ and 3’0 years will involve growth of juvenile arabs in environmental
chambers to detormina what environmental stimuli, if may, are required to initiate gonadal
development and the downstream migration.

Justification for project: CALFED is investing significant effort into restating habitats and
ensuring a proper water supply and quality for endangered mpeeias. The invasive Mitten C~ab
population has increased exponentially over the last 4 yeast. Their immediate impact on the
ecosystem has yet to be determined. It appears that this omnivorous emb will greatly impact its
environment. As plans to eonl~ol these arabs have been developed, the absence of information
on this embs basic life history, particularly its reproductive life history, makes diftieult any
logical deoisions. Determination of the reproduutive life history was cited as one of the most
important pieces of inf0rmatien required by the Mitten Crab PWT of the IEP.

Blldg~ ~Cust and Third Party Impa~’ls. This project requests $1,095,708 for 3 years. [t enver~
personnel, expenses and indirect costs. Matching funds are provided by the porolm~e of 2 new
environmental chambers for the Department of Biology over the next 2 years. The
Sehool/Depm’tment will release nay time 0.25/semester/year. Over the three year period, $12,300
will be made available in disposable supply finds and $1,500 in travel. Because most ofthis
work ,mill be completed on the CSU Fresno campus, there are no anfieippted third patty impaots.

Applicant Qualifieatians: The PI has been working in erustscean reproduelinn through his
Master’s, Ph.D., Post-doe, and now as an assistant pt~fessur, for a total of 17 years. The PI has 8
publie2ctiona (and 2 in press) relating to crustacean reproduction. In addition, the PI has 9
presentation in the last 4 years on crustacean reproduction, all of which have involved graduate
students. The PI has been able to obtain internal trading every year at Frosr~ State, including
relea~ time 1o conduct research, and external funding from California Sea Grant to study shrimp
reproduction. The PI is a member of 6 national

Monitoring and Data Evaluation: The description nf vitellin will be published in peer reviewed
journals. The data coll~ted in this study will be analyzed usi~ standard biometric techniqn~
inehiding repeated measures ANOVA, linear regression and ANCOVA. Dma will be presented
at national (SICB) mad regional meetings, and published in peered reviewed jam-trois.

Compatibility with CALFED Objectives: This project directly addresses the concerns of
invasive species, in particular, the Chinese milton crab (p.419, 467). The exponential population
growth of this crab has made difficult any assessment of ha impact on native species,
partianlarly, the endangered, threatened and recovering species. The m~sive downatream
migrations each Fall must have some effect on the local habitats and their ability to provide
sufficient food for all.the species. In addition, the ERP sites the potential for levee damage and
thus the control of this species has become a priority. These crabs have become a significant
problem at the DWR and BaR, clogging the fish screens and compressing recovctred fish. This
indicates the urgency to acquire basic biological information, particularly reproductive life
histories, so that each agency can develop scientifically sound plans to control this invasive crab.
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PROJECT DESCRIPTION

This project plans to provide the basic rq~roductive life history of this mvasivc species so
that tbe appropriate agcacios will be able to develop proantivc scianfifically sound management
plans to control, and possibly eradicate, this potentially d~vaslafmg crab. To this cad, this
project plans to d~veiop an assay that will allow the rapid examination of the r~roductive status
of females. With this assay, data can be eollectad that will describe the rcproductiv~ mattLration
of fgmalc gonads during their downstream migration to the San Pablo Bay. These data will
provid~ information on the timing of gonadal d~velopmcat and sugg~t mechanisms that regulate
gonadal dcvelopmant and the downstream migration.

Project Aaarnaeh
An~a~: F~males on their downst~am migratioa will be collected at the BOR facility in Tracy
and traas1~r~l back to the A~imal facility i~ the Department of Biology at California State
Uhivgrsity, Fresno. Juvanile mittan crabs, Eriocheir sinen~i~, will be collected in South San
Francisco Bay along ~butary stresms. Pgrmits to collect (#801162-05), tcansport and maintain
(#2653) grabs have already been obtained f~om DFG.

~: Vitellin (Vn), the most common yolk protein in oocytes, will be isolated from
the excised ovarian tissue using a common technique (Riley and Tsukimum, 1998; Tsakimm et
al., in prep). The ovaries will be homogenized in 10 ml/g (w~t tissue weight) of Homoganization
Buffgr (0.1 M NaCI, 0.05 M Tds, 1 mM EDTA, and 0.1% Twean-20; 10 p.g/mi e.a~h of leupqatin
and PSMF, pH 7.8). The homoganate will be cantdfug~d at 4,000 x g for 5 rain. The
anl~mataat will be anllected and ecn~ifuged at 20,000 xg for 20 rain. This soecoasivo
supematant will be combined with sa~tratod Ammonium Sulfate (SAS) to produce a 25% SAS
anhifion, incubated for I hr., and cenlrifaged at 20,000 x g for 10 rain. The supwnatant will be
coll~:t~d and s~quantially combiru~t with SAS to pro~uce 40%, 50% and 60% solutions. Pellets
from the 60% solution will be r~suspendcd in homogenization barfer and dialyzed at 4°C for 12
hours with three changes of homogenization buffgr. Purified Vn will be stored at -20°C until
needed.
Aatisarn Prenaration: New Zealand white rabbits will be injected with 500 p.g of purified Vn in
Freund’s Complete Adjuvant. Th~e~ bonstcrs of 100 p.g Vn hi Fr~und’s Incomplete Adjuvant
will be administgrod ovgr the following eight weeks. The final antiserum titer will be 1:12,000
or higher as d~termined by enzyme-linked immunosofoant assay (~LISA) as p~rform~l below.
Antisca’a will be dihitcd with phosphme buffer solution (PBS: 150 mM NaCI; 1.6 rum I¢i.HzPO4; 8
~ Na2]-~PO4; 2.7 mM KCI; pH 7.4).
Ele~troahoresis: To det~mine 1be purity of the Vn preparations, both from ovaries and eggs,
unn-r~dueing electrophoresis will be performed. To determine molecular composition, Vn
preparations were analyzed by SDS-PAGE (Lecmmli, 1970) with two minor modifications: (1)
not boiling the yolk propasations prier to electrophorcsis and; (2) adjusting the pH of buffers
above 7.0 to r~duce precipitafiun of Vn. Proteins were fixed and stained with Coomaesie stain
(50% methanol; 10% acetic acid; and 0.2% Coomassie Brilliant Blue R-250).
Western Blot Analysis: SDS-PAGE gels vcill be ~insed in Wansfgr buffgr (48raM Tris; 39 ram
glychie; 20% methanol, pH at 9.2) for 15 rain. Proteins will be ~lectroblottod to a l~’ansfgr
membrane (Irnmobulon-P PVDF, Millipore) for 1 hour. The membrane will be blocked with 5%
nonfat d~ milk in PBS-T (0.7% Twean-20 in PBS; pH 7.4). Visualization will be attained by
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in~lbation oftbe blotted membrane with anti-Vn antisera (1:16,000, preabsorbed with male
homolymph), followed by incubation with the secondary antibody (Goat antl-rabbit IgG antibody
conjugated with horscradish pcroxidase (Gt~Rb IgG -HRPO, Sigma #A9169)) at a coocant~ation
of 1:1,000. The blot will be deveioped with (2% COC12; 0.08% 3’3’diamino-benzidiene, 0.03%
H202) in PSS.
Chromato~raohv: To quanthate the molecular weight of the yolk, Vn will be passed through a
gel filtration column ($upcrase-12, Pharmecia) u~ing Homogenization buffer as a solvent, with a
flow rate of 0.25 ml/min (ESA) and eimion time will be detected with a Beckman 166 detector.
Column elufion times were equilibrated with standard molecular weight markers.
ELISA: An ELISA will be doveioped to dctmanine the bemolymph levels of Vn. The 96-well
EIA plate will be coated with 5 p.g/ml Vn in cmbunate imffer (60 mM NaHCO~, pH 9.6). The
well~ were blocked with 0.05% gelatin. Competitiun reactions of anti-Vn antibody (1:12,000)
and antigen will be completed at room temperature for l hour or overnight at 4°C in separate
culture tubes (12 x 75 ram). The andgan m~mple cousiated of hemolymph diluted 1:50 or 1:100,
end the standard curve samples will be of serially diluted amounts of Vn (standards ran~ed fi’om
0.1 ng to 1,000 ng in half log units). Competition reaction mixture (10~ ~.1) will be added to
wells oftbe ELISA plate and allowed to come to equilibrium for l hr. A secondary antibody
(G-tctRb IgG -HRPO) at 1:1000 dilution will be iocubated for 1 hr. The eolo~meffic enalysis
was accomplished by adding development solution (50 mM eit~ate acid at pH 4.0; 0.48 mM 2-
2’-azlno-bis(3-othyl-benzthiasolJne-6-sutfonic acid) diammonium salt; and 2.4 mM H~O~) and
detected on an ELISA plate reader (BioRad 2550 EIA Reader) at 405 urn. To dotmmine the
linearity of measuremant, hemolymph fi’om males and females will be serially dihited fi’om 1:50
dilution to 1:3,200. In addition, to determine whether diluting bemulymph affects the lineatity of
measurement, hemolymph fi’om a rep~doctivo female will be serially diluted to deeroase the
antigen concantrations, and a constant level of hemolymph will be maintained by adding male
hemolymph.
Reproductive Cycle: Hemolymph will be drawn from the posterior leg sutures in the ventral
sinus of the female crabs. The samples will be diluted in bemolymph buffer and stored at-20°C
until examined by ELISA. These data will initially be collected from 10 individuals biweekly
from two-year old females starting in June. In addition, crabs collected at the BOR Tracy facility
will be bled end dissected to determine their reproductive state through out the downstream
migration season, which is f~om August through February. These data will be used to create a
table against which vitellin levels from females can be compared to estimate their ~roduotive
prolvass.
Environmental Factors: Two- and three,- year old female crabs (n --10) will be housed in
environmantal chambers (temperature and light controlled) whom the daylight cycles will be
slowly reduced to emulate the onset of Fall and Winter. Biweekly samples ofhemolymph will
be collected and analyzed by ELISA. In addition, a separate group of famales will be housed in
the environmental chambers, whcze the temperature will be slowly decreased to emulate the
declining water temperatures associated with the onset offal] and Winter. Lastly, both the
temperature and daylight will be reduced to ascertain whether both stimuli are required to
commence downstream migrations or gonadal mataration. To determine if male behavior is
stimulated by the same envizonmental factors as females, male crabs of tlie same ages will be
tl’e.ated with decreasing light, temperature or both. If the downstream migration behavior is
sexually dimorphic then it might be possible to eventually test whether the males and females
can be separated fi’om each other dining this downsCzeam migration and reduce their fecundity.
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This might provide an eventual avenue for control, by controlling major fiver t~peratm~s
through water releases from dams to separato males from females during the muting periods.
~: In an s~tempt to inhibit the downstream migration behavior, injection~ of
methyl Eamesoate wilt be made into mains and females~ This hormone is thought to act like
insect juvanile hormone und promote juverdle chm’anters by inl~bitmg adult characters such as
maturation of the gonads. Recent data fi’om our lab indicates that very small doses van inhibit
the gonad development in tadpole shrimp, Triot~ longic~ud~u~.

Pronesed Scone of Work

Projectlmplementation: Tusk 1. Purificatio~ Isolation. and Characterization of ViteRin (yolk
n~teinl. This process should require less than 4 months. This step will identi~ a protein that
c~n Be eas’dy monitored to assess the reproductive state of female crabs. The characterization of
vitellin will be achieved using FPLC and electrophoresis.
Task "l. Devalot~ antibodv. The purified vitellin will be used to develop an an6.-vitellin untibody,
which will take about 6 months. The antibody should have a titer over 10,000 such that it will be
usable to develop both ELISA and Western Blot assays. The chametorizatiun of vitollin will Be
achieved using FPLC and electrophoresis. Development of both assays requires about
additional mon~s.
Task 3. Co!l~ downstresm migratth~ females and monitor the reproductive state of females
~ time. Hemolymph samples will Be collected fi:om females and yolk concen~tiens
dct~’mi~vd by £LISA. These data wiR be correlated to the state ofoocyte developmant to create
a talile lhat can be used hy rescarehers to determine the repmdanfive state oferabs without
hav~.ug to sacrifice each ~dmal. These samples wlil Be takan riming each downstream migration,
As the EL[SA is developed, the vitellin in each sample will be quantitated.
Task 4. Determine the Normal Revroductive Cycle. Young females will be collected and raised
in environmental chamBers under conditions that emulate the ambient environment. These
individuals will be bled and the samples stored until the ELISA is operational. Data from these
studies will provids a bvseline for fi~to~e t~eatmanta.
Tuk S. Environmantal Stimulation of Gonad Mamraliun and Downstream Mi~tion. Using
anvironmantal chambers, day length, temperature or both will be slowly decreased to determine
whether these stimuli ar~ used as environmental cues to bring about the onset ofgunad
matw’ation and downstream migration. To ascertain the effactivaness of methyl fnmesuate
injections on inldbidng the downstream migration or gor~dal maturation, daily injections will be
administered.

Task Separation: Tasks 1 & 2 ave required for the complehon of tasks 3, ~-, and 5. Each of
these lurer tasks do not require each other, however, the strength of the data collected in each
t~zk is greatly eulmncad by cash other. In other words, the whole is greater than the sum of its
par~s.

Locution and Geographic Boundaries: Other than collccilng juvenile cra~s in South San
Francisco Bay tribut~es, and downs~eem crabs ~om the BOR Trany facility, most of this
projec~ will Be conducted on the campus of CSU Fresno (Fresno County), in the Biology
Depar~ent and its environmental chambers.
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Ecological/Biological Benefits

The Chinese mitten crab, Eriocheir sinensis (Decapoda: Grepsidae), was fnst found in
California in South San Frana’tsco Bay in 1992. Since that time, their population has exploded
into the S~ramento-San Joaquin Delta system and its associated tributaries. Thes~ crabs spend
most efthalr lives as juveniles living in freshwater habitats. In Califordi~ these now range fi-om
as far North as Cohisa and East as far as Marysville, and South down to San Lals National
Wildlife Refuge in Mcreed County (Valdhuize~ 1997; K. Halb, pers. comm.). A fev¢ crabs have
~ reported to the C alifomia Depa~-tment offish and Game (DFG) in Ksttleman City walking

The threat to California is that these crabs ~ omnivores and supposedly, yotmg juveniles
eat mostly vegetation. Farmers have become concerned because the e~tsnalve canal sysmm
Broughout our State, is a perfect vehicle for a wide distribution of these crabs. Row emps (e.g.
eottan, rice and vegetables) are particularly susceptible to destruction by the young crabs, which
am primarily herbivorous. T~e adult crabs are also becoming a problam to agriculture, by
eingging the fish screens of the intakes of the Delta-Mendota Canal and California Aquaduct
during the downstream migration to br~d in the saline waters of the San Francisen Bay. By
clogging and damaging with the fish screens that recover endangered fish species, the crabs may
prohibit the pumping of water during their downstream migration to protect the endangered and
~ed fish. As this is unacceptable to agrieal~ral interests, a great conflict is about to
us/old.
Primary Stressor: Invasive aquatic organisms (V1 - p. 460) are a threat the to Bay-Delta system
because they have the potential to displace or replace native organisms. The mitten crab, is
believed to threaten delta levees, though more recent disqassious have focused on the effects on
crayfish and potentially the eggs, fry and parr of fish that breed or develop in the Delta region
and its immediate tributaries. Damage to these populatious could occur both on lhe upstream
and downstream migration, as well as during the crab juvenile irthabitanee of the delta region.
As mentioned, the impact on reenvery o f endangered fish in fish screens will also be of major

Idenltflotlon and of expected beneflt~: This project proectively addresses the 7t~ strategic
objective in Invasive Aquatic Organisms, which is to eliminate or control to a level of little
significance atl undasirable non-nstive species. Data gencrated fi’om this study will outline the
reproductive life history of the MiRen crab, identify peenliarities in this life history to California,
identify the stimuli for gonad maturation and downstraam migration. These deta will then allow
the appropriate regulatory agencies to m~e scientifically sound decisions concerning the
regulation and contr~l of this invasive crab species. A probable eanse for the downstream
migration is a change in the water temperature. This adaptation may be sexually dimorphie,
wh~ra males and females respond differentially to the changes In water temperata]re. This might
provide an eventual avenue for control, by conl~olling major fiver temperatures through water
relesses from dams to separate males from females during the mating periods. ~o~&O._.d..d..d..d~
Benefits: In addition, several assays that will rapidly idanfify the reproductive state of the mil~en
crabs will be developed. Hormonal inhibition of repreductive matumtinn and downstream
migration will be tested with methyl fameacate injections. Stimuli of reproductive activities will
provide insights into possible sites of reguintion that might be retarded or blocked.
Determination of the stimuli for downstream migration will provide a target against which
agencies can focus to reduce the adverse effects of the crabs on native habitats and foodwebs.
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Certainly, the movement of hundreds millions of crabs will negatively impact both.
Additionally, the destruction to levees by the mitten crabs has yet to be fully determined. But
with 30 burrows, 18" in depth or more, p~r square meter, the likelJhond of severe levee damage
is high. This places tm increesed importanea on the ragulation and control of mitten crabs.
Benefits to Third Parties, Other Rmtorstion Progrsmsl Imd CALFED Non-ecosystem
Objectives. By determining environmental t~trgets for mitten crab reproductive control,
alt¢~llafiv~ mensurcs to shutting down the Dalta-Mendota Canal and California Aquaduct of
removing the fi~h screens while the crabs are in their downstream migration will be provided.
Removing the fish screens will incite lawsuits onder both CESA and ESA. Thus, third parties
that benefit will thus be BOR, DWR, DFO, FWS, farmers of the San loaquin Valley and
Southern California wmer users. The potential damage to levees by the burrowing behavior of
these ~abs is also of greal interest to ACOE.
Lilllmge$: This project directly addresses the concerns of the invaalve aquatic orgainmlm (p.461),
Chinese Mitten crab. In particular, this project will provide data with which strategic plans to
control elimlnate the mitten crab can be d~rived (V1 - pp.419, 467). The primary potential
damage outlined the ERP is dmnage to levees (VI - p. 461). The mitten crab will interfere with
restoration plans through their burrowing behavior (V1 - p. 438). Became the Chinese mitten
crab is still in exponential growth, it is unolear at what level the population will start to level off
end what there final impact on the native habitat and ecosystems will be. Current studies by
other researchers (at UC Berkeley) are investigating the role of the miRen crab on the signal
crayfish (el - p. 415). If the mitten crab does have a negative impact on the crayfish, a method
of control will be nece~eary for the maintenance of this species that then requires a plan to
eliminate or reduce the mitten crab, which is intet-lL=ring with the establisking and enhancing the
susiainable commercial species (V2 - p 18). The impact~of the mitten crab on grass shrimp is
being studied by DFG (V1-p. 417). Again the milton crab will likely threaten this recovery
effort if the crabs are not controlled. The impact of the mitten crab on native fish species is mill
unknown, but is beli~-ced there omnivorous crabs will devour any small fi’y and paur tmahie to
escape their claws. This has potential impacts on endangered fish species, particularly the
anadromous species. With the crabs increasing at exponential rates, it appears that predation
upon the endangered fish (delta smelt (V1 - p. 194), longfin smelt (V1 - p.201), green alto’germ
(V1 - p. 205), splittail (V1 - p.209), and salmonid~ (V1 - p. 219, 229) will soon become a
significant problem. In addition, there is no definitive data on the impacts by ta~b$ on the fly
and eggs oft.he white sturgeon, striped b~s and warm-water game fish which breed in the delta
regioo.

Non-eensyst*m Objectives: If indeed water temperature is a sexually dimorphic t~tit that can be
used to separate males from females, this would Trek to CanWal Valley Slraam flows and greater
pmtacfion for native anadromous fish species, particularly with the Central Valley water
temperatures (V1 - p. 57). In addition, periodic purges of cold water could be used to reduce fine
sediment build-up (V1 - p. 66).
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Technical Feasibility and Timing

Currently, there is little data conecming the activity of the mitten crab in the Bay-Delta
region. Most, if not all, of the data on the mitten crab in California is anecdotal. Thus, without
~xperimental data, no agency will be able to develop scientifically sound plans to control and
eradicate this invasive crab. Thus the data derived from this project is essential to achieve any
regulation of the crab population explosion.

The equipment to conduct this project exists within the Department of Biology, CSU
Fresno. We are anquiring two new environmental c2aambers in which the environmental
experiments can be conduetad.

Permits to collect (#801162-05), transpo~ mad maintain (#2653) crabs have already been
obtained from DFG. The Department of Biology possess a USDA licensed animal fae’flity in
which some of the embs will be maintained.

The only constraint that might arise is our inability to coliect juvenile crabs. With the
current population explosion, we do not believe that this will be a problem.

Monitoring and Data Collection
See Table 1

The complete absence of scientifically derived data concerning the Chinese mitaen crab
makes difficult any attempt to derive a strategic plan to control and regulate the expansion of this
invasive crab. The data collected here wlil be used to establish buseIuies from which strategic
plans and experiment s can be drawn. The prej ect will determine the unnnal repmdantive cycle
in California (since the European crabs differ so greatly from China). Also, the stimuli for gonad
matm~tion and downstream migration will be detemained. It is probable that the downstream
migration enviromental signal is water temperature or daylight. Both will be examined in this
project. In addition, the effect of methyl famesoate will be examined in lab. This terpenoid
compound has been found in our lab to inhibit the formation of ovarian tissue in the invasive
tadpole shrimp, Triops longicaudatus. We will feed and inject crabs with this material to
determine if this same effect occurs in crabs. Crayfish also will be tested to detemfme if there is
a possible de~imental effect.

The critical data collected from this project require the development of the ELISA, if we
are to avoid having to sacrifice every animal examined. To properly conduct these experiments
without the ELISA would require the storage of copious amounts of crabs. This woutd entail ad
sigulficantly higher budget for feeding and care of al these organisms. In addition, the sampIing
error within each experiment would greatly increase.

The proposed work will be conducted under laboratory conditions, and thus the timing of
the resesrch is independent of weather and seasonal conditions. Protocols that will be used are
published in Riley and Tsukimura, 1998 (see PI CV). Data from this project will be
disseminated through refereed journals and through presentations at CALFED, national and
regional meetings.

I --020006
1-020006



Local Involvement

Whereas this project is primarily research, the amount of local involvement will be limited. The
BOR has offered to supply crabs that are caught in their fish screens when available. In years 2
and 3, the P! will involve the San Joaquin River Parkway in monitoring for the juvenile and adult
mitten vrabs on their property below the Friant Dam on the San Joaqum River. At this time tlfis
agreement has yet to arranged, but the PI sees no future problems.
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Cost - Budget Justification
Budget Cost: Scc attached tables

The proposed project develops assay to quieldy ascertain the reproductive state of female crabs
end provides data on poasthlc stimuli for downstream migration and gonadal development.
Tasks land 2 arc required for the completion of tasks 3-5. The PI acknowledg~ that Tasks 3-5
ara not interconnected but believes that each portion of data will strengthen the information
derived from each of the other basks.

Schedule Milestones:
Yo 3

,Task 1. (Isolation & ohasanterization of vitellin)

---Task 2 -- (Develop antibody)

Task 3 ---
(Mouilor downstream migration and reproductive state)

Task 4
(Determine normal reproductive cycle)

........... -Task 5
(Environmental stimuletioa of reproduction)

The requested funds are primarily for personnel (PI, graduate assistants and
undergraduate assistants to maintain the ardmals and lab). Funds are requested for disposable
supplies, including chemicals. Funds for travel are to the collecting locations for the PI end
research assists.hrs. In addition, Wavel funds to national meetings are also requested for the PI
and 1 graduate student per year. An HPJ..C is requested to greatly expedite the oharacteriza~iun
of vitellin. Chromatographic runs on this FIPLC system average 5 minutes including recharge
time, whereas, t~aditiounl systems average over 1 hour with an addition 45 minutes to recharge
the column. To offset the cos~ of publication, yearly publication costs are requested.

Cost Sharing

The Department of Biology, School o f Natural Sciences will be purchasing 2 $32,000
environmental chambers over the next two years to research purposes. Thasc chambers con be
used to determine the temperature and daylight requirements for stimulating the downstream
migration and gonad development. In addition, the School/Department will release my time
0.25/semester/year, which equates to $14,614/year (including fringes)~ Over the three year
period, $12,300 will be made available in disposable supply finds end $1,500 in travel. These
funds will help offset the required funding to conduct this project.
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Applicants Quallfluatlons

Brian Tsukimura Assistant Professor

University of California, B~rkcley. A.B. 1977 - 1981 Zoology
University of Hawaii M.S. 1981 - 1984 Zoology
University of Hawaii. Ph.D. 1985 - 1988 Zoology

POSITIONS
1988 to 1993: Post-Doctoral Fellow, Illinois State University.
1990: Lecturer, Illinois State University.
[993 to 1994: Acting Assistant Professor, Illinois State University.
1994 to present: Assistant Professor of Physiology, CSU Fresno.

AWARDS (last 4 years):
1998 - CSU Fresno - In House - $4,900 + 6 WTU Release time
1997 - CSU Fresno - In House - $4,000 + 6 WTU Release time

2 Graduate Student Stipends
University Performance Salary Step Increase Award ’96 - ’97.
California Sea Grant: Rapid Response Grant - Funded

For. "Regulation and Gonadal Maturation in Penaeid Shrimp."
1996 - CSU Frtmno - In House - $5,165 + 9 VgTU

1 Graduate Student Stipend
1995 - CSU Fresno - In House - $5,450 + 3 WTU

AFFILIATIONS:
Society for Integrative and Comparative Biology: 1984 to present.
Sigma Xi: 1985 to present,
Crustacean Society: 1983-t984, 1_995 to present
Ameriesn Miaroseopieal Society: 1995 to present
AAAS: 1989 to present.
lnterageney Eenlogy Project, CA - Mitlen Crab Project Workteam: 1/99 to pressnt
Sierra Foothill Cormervancy:       1996 to present

Current Collaborations:
Des. E.S. Chang, Fred Griffin, and M. Snyder - shrimp collection in Smata Barbara
Drs. D.W. Bomt, .E.S. Chang and H. Rees - methyl farnesoate inhibiting peptide
Drs. D.W. Borst, S.L. Waddy, and C.J. Linder - vitallogenin in American lobster, Homarus
amer~canua

RECENT PRESENTATIONS:
Murphy, K.M., B. Tsuldmura and R.H. Abhold. 1998. Temperature effects the induction of

diapanse in tadpole shrimp, Triops longicaudatus, embryos. At the annual meeting of SICB,
Denver 1999. Am. Zool. 38:69A
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Pooyan, R. and B. Tsukimur~. 1998. Determination of the site ofvitellogenin synthesis in the
ridgoback shrimp, Sicyon~a ingeutis. At the Annual meeting of SICB, Denver 1999. Am.
Zoo1. 38:187A

Stukovsky, S.S. and B. Tsukimura. 1997. A possible novel yolk protein transported in the
ridgebaok shrimp, Sicyonia ingentis. Am. Zoo1. 37:154A. At the Annual meeting of SICB,
Boston 1998.

Riley, L.G., Jr. and B. Tsuldmura. 1996. Isolation and characterization ofvitellin in the hadpole
sh~rnp, 7riops longicaudatu~. Proceedings of the Third International Large Branchiopod
Symposium/Crustaooan Society Me~ting, University of San Diego, CA. pp. 3 l.

July ’96 - Riley, L.G., Jr. and B. Tsukimu~a~ Isolation and characterization of vitellin in the
tadpole shrimp, Triops longicaudatu~. Presentation st the Third International Large
Branchiopod Symposium/Crustacean Society Meeting, University of San Diego, CA.

March ’96 - Bender, J.S. and 8. Tsttkimura. Vitellin ELISA used to detemline the effects of
steroids on vitellogenesis in the Ridgeback Shrimp, Sicyonia ingenS’s. Presentation at
Western gogionld Conference on Comparatice Endocrinology, University of California,
Berkeley.

December ’95 - Bender, J.S. and B. Tsukimttra. Developmanmt of a vitellin ELISA f~r the
ridgebaek shrimp, Sicyonia ingenCis. Presenta~tion at American Soeiely of Zoologists Annual
Meeting, Washington, D.C. Am. Zool. 35:77A.

August, ’95 - Tsukimura, B., S.L. Waddy and D.W. Beret. Steroid hormone treatment had no
effect on lobster vitellogenesis, Presented at the 7th International Congress on Invertebrate
Reproduction st University of California at Santa Cruz,

PUBLICATIO1NS:
Riley, L.G. and B. Tsukimur~ 1998 Yolk protein synthesis in the ticeland tadpole shrimp, Triops

longieaudatus, measured by in vitro incorporation of ~H-leueine. J. Exp. Zool. 281:238-2~.7.
Borst, D.W., B. Tsukimura and M. Friusko. 1995. M~c~yI faraesoate levels in the crayfish,

Orconectes vlrilis, pp. 462-474. In: F~~ VIII. Ed: R.P. Romaire. Louisiana
State Printing Office, New Orleans.

Borst, D.W., B. Tsukimura, Coueh~ E.F., J.K. Butler and H. Laufor. 1994. Regional differences in
methyl farnesoate production by the mandibular organ of the iobster, Homarus americanus.

Biol. BUll. 186:9-16
Tsukimura, B., F.I. Kamemoto and D.W. Borst. 1993. Cyclic nucleetide regulation of methyl

farnesoate synthesis by the mandibular organ of the lobster, Homarus americanua. L Exp.
Zool. 265:427-431.

Tsukitnttra, B. and D,W. Borst. 1992. Regulation of methyl famesoate in the hemulymph and
mandibular organ of the lobster, Homarus americanus. Gem Comp. Endoerinol. 86:297-303.

Borst, D.W. mad B. Tsukimura. 1992, Methyl farnesoate levels in crustaceans, pp. 27-35. In:
Inset Juv~le Hormone Research. B. Manchamp, F. Couilland and J.C. Baehr, Eds. Institut
National de la Recherche Agronomique, Paris, France.

Tsukimura, B. and F.I. Kamemoto. 1991. In vitro stimulation ofoocytes by presumptive
mandibularorgansecrotionsintlaeshrimp, Penaeusvannamei. Aquaculture 91:59-66.

Beret, D.W. andB. Tstddmura, 1991. Liquid chromatography method for measuring levels of
methyl farnesoate. L Chromatog, 545:71-78.
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Table 1. Biological/Ecologlcal Objectives

Hypothesis to be ~)ata Collection Data Evaluation Comments Data
eva]uatexl ~pproach Approach Priority

Characterization of Vitallin isolation, Publicadon in refereed Required for Tasks
Vitellin ~leea’ophomsis Journal. #2-5

Western Blot
Develop antibody Antibody prep ELISA R~quimd for tasks

Western Blot #3-5
Fernale Downs~eam ELISA Date for baseline
R~ptoductive states migration activily of crab
I:~tc~mine norraa[ Environmental ELISA Data used to
reproductive cycle chambers establish baseline
Stimulation of Environmental ELISA Data used to
reprodu~ive chambers and Western Blot identify control
activity hormones (MF) ~argets.

The critical data collected from this project require the development of the ELISA, if we are to
avoid having to sacrifice every animal examined. To properly conduct these experimenta without
the ELISA would require the storage of copious amounts of crabs. This would entail ad
significantly higher budget for feeding and care of al the~e organisms. In addition, the sampl’mg
error within each experiment would greatly increase.
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April 12, 1999

Fresno County Board of Supervisors
2220 Tulare SU’eet
Fresno, CA 93721

I am writing to inform you that [ am anbmitting a proposal to CALFED to study
ine raproduetive life histories of the Chirte~e Mitten Crab. This project will involve
¢olleeliag data on the stimulation ofgametogenesis and downsta’eam migration. In
addition, the yolk proteins that compose a significant volume of their eggs will be
characterized, purified and isolated for use in m~dr~g antibodi~. The crabs have txot yet
arrived in Fresno Comity bttt nmy po~ a serious threat to our row crops, as the juvenile
~abs are walking through irrigation canaks and are ornnivorotm. If you have any
questions please feel free to call.

Sincerely,

Brian Tsukimura
Assistant Professor of Physiology
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April 12, 1999

Fresno County Planning D~.rtment
2281 Tulare Street
Fr~no, CA. 93721

Dear Sirs,

I am writing to inform you that I am submR’dng a proposal to CALFED to study
the reprothmfive life hiatolies of the Chirieso Mitten Crab. TI~ pmject will involve
collecting data on the stimulation ofgametogenesis and downstream migration. In
addition, the yolk proteins that compose a significant volume of their eggs will be
characterized, purified and isolated for use in making antibodies. The crabs have riot yet
arrived in Fresno County but may pose a serious threat to our row crops, as the juvenile
crabs are walking through irrigation canals and are omnivorous. If you have any
questions please feel flee to call.

Sincerely,

Brian Tsuldmura
Assistant Professor of Physiology
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April 12, 1999

Delta Protection Commission
14215 River Road

P.O. Box 530
Walnut Grove, CA 95690

I am wrilng to inform yoa that I arn submitting a proposal to CALFBD to study
the reproductive life histories of the Chin~e Mitten Crab. This project will involve
collecting data on the stimulation of garnetoganesis and downstream migration. ~
addition, the yolk proteins that compose a significant volume of their eggs will be
characterized, purified aad isolated for use in making antibodies. The crabs have not yet
arrived in Fresno Count~ but may pose a serious threat to our row crops, as the juve~il~
crabs are walking through irrigation canals and are omnivorous. If you have any
qus~stions please feel fzee to call.

Sincerely,

Brian Tsukimura
Assistant Professor of Physiology
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U,S. BUREAU OF RECLAMATION

I~R1 Box 3~
By~n CA 94314-9614

FAXNO. (209) ~36-6264

To: ~

AR~nfion: Dr. Br~e~ T~qm~re

Remaz~: l R,-~ Bddees. a fishe~es blolo~st ~ the Tr~v F{~ Colle~on Facility will

IF YOU S~tOULD ItAVE ANY PROBLEMS RECEIX/~G

PLEASE CALL -- " 8
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C~B hpprowl No. 0348-0044



8. ~aske 1 & 2 56,870 56,870

Taak 3 8,445 8,445
10. T~sk 4

8,945 8,945
11, Task 5 20,770 20,770
12. TOTAt (sum of lines 8 - t t) 950,300 950,300

(a) Grant Program                             (b) First           (c) Second           (d} Third           (e) Foudh



YEAR ONE

ra~ks 1&2: Isolation, Purification and Characterization of vlthgln,the development
~f the antibody against vltellln and the developraent the ELISA and Western Blot assays

~alartas Request Match Total
~;rian Tsukimura 25% Ume × 1 Acad. Year $11,691 $11,691

Match: 1/4 time x 1 Acad. Year $tl,69t $11
2 months summer salary $10,388 $10,388

3raduate Assistant $1,000 x 12 moo. X 20 h rsh~k $12,000 $12,000

~ludent Assistant $9.00/hr. x 20 hrs. x 52 weeks $9,360

~an Tsukimure Academic year release rate=25 $2,923 $2,923
Academic year release rata=25% $2,923 $2,923
Summerloverload rates11% $1,286 $1,286

_~raduate Assistant Adjunct facul~ rates11% $1,320 $1,320

>-ludent Assistant Student benefit rates11% $1,030 $1,030

~ther Direct Co~tc (Tasks 1&2)
~u_p~plle s an d dispose hies ! , $10,000 $4,100 $14,100
~luipment-HPLC $78,000_ $32_,0_00. $1t 0,_000
rravel to mee~ngs $2,500 $500 $3,000
I’ravel to collecting s~tes $500 $0 $500
~ul~ica~on and pdnting $500 $0 $600

~ubtotal, Other DIrect Costs $91,6Q0 $36,600 $128,200

rotal Direct Costs, Tasks 1&2 $141,598 $51,214 $192,812

~SUF Federal rate is 38.7% of sela~es and benefits

rotal Task= t&2                                        I Request 1Match     rot=l
$16o,948    $56,870 $217,817
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YEAR ONE

Task 3:DetermtaetJon of female reproductive sta~sa

Sslades Request Match ~TOtcl
Brian Tsukimura 25% Release time-’l semester $4,871 i $4,87t

Match: 1/4 lime x semester $4,871 $4,871
I

Sraduata Assistant $1,000 x 6mos. X 20 hrs. $8,000 i $6.000

Student Assistant ~9.00/hr, x 6 rues, X 20 hrs, $1,080 $1,080

Brian Tsukimura Academic year release rata=25% $1,218 $1,218
Academic year release rate=25% $1,218 $1,218

P-reduata Assistant Adjunct tacuity rate=l 1% $660 $660

~t ~i~tant Student benefit rate=11% $119 $119

Sobtstsl, Salaries, Wages & $13,948 $8,089 $20,037
Benefits

Other Direct Costs(Task3)
Supplies and disposables $5,0011 $0 $5,000
Travel to collecting sites $500 $0 $500

:
Subtotal, Other Direct Cost~                                $5,500      $0     $8,500

Total Direct Costs, Task 3 ] $19,448 $6,088 $25,537

~i°l;e~ ~ts (38.7% of total direct costs) $5,398 $8,356 $7,754
~SUF Federal rate is 387% of salaries and bensfite

Request    Match    Total
total Task 3                                         $24,846 $8,445    $33,291
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YEAR ONE

Teak 4: Determine normal reproductive cycle

S~tad~s l Request    Match Total
Brian Tsukimura 25% Release tJme-l semester $4,871 $4,871

and summer salary I $10,388 $10,388
Match 25% time x 1 semester $4,871 $4,871

Graduate Assistant $1,000 x 6mo~, X 20 hre. $6,000 $6,000

I
Student Assistant $9.001hr. x 6 mea. X 20 hrs. $1,080 $1,080

Fringe Beneflta ]
Brian Tsukimura Academic year release rata=25% $1,218 $1,218

Summer release rete=11% $1,142 $1~142
Academic year release rate=25% $1,218 $t,218

Graduate Assistant Adjunct faculty mte=l 1% $680 $660

;tudent Assistant Student benefit tale= 11% $119 $119

Subtotsf, Salarle~, Wages & $24,336 $6,089 $3t,567

Other Direct Ceats(Teak4)
Supplies and disposables ; , $5,000 $0 $8,000
Trave~ to collecting sites $500 $0 $500
Travel to meetings $2.500 $500 $3,000
Publication costs $600 $0 ,$600

Sul~otal, Other DIrect Costs $8,600 $500 $9,100

Total Direct Coats, Task 4 $32,936 ] $6,589 i $40,667

Indir~’t Costs (38.7% of total direct costs) $9,418 $2,366 $12,2t6
CSUF Federal rate is 38.7% of salaries and benefits

:Request iMatoh    Total
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YEAR ONE

Task E: Environmental St~mu|atlon of gonad maturation

galades ~ Request Match l’otal
Brian Tsukimura 25% release ’dine- 1 year + summa $11,691 I    $11,691

Match: 1/41time x Academic year $11,6911 __$11,691
2 months summer salary $10,386 $10,388

Sraduate Assistant $1,000 x 12 mos. X 20 hrs. $12,000 $12,000

Student Assistant ;9.00/hr. x 12 mos. X 20 hrs. $9,360 $9,360

Fringe Benefits __ L _
Brian Tsukimura Academic year_release rate=25% $2,923 $2,923

Academic year m/ease rata=25% $2,923 $2,923
Summer/overload rate=l 1% $1,286 $1,286

3raduate Assistant Adjunct faculty rate=t1% $1,320 $1,320
1 I

Student Assistant Student benefit rate= 11% $1,030 $1,030

~ubto~l, Salaries, Wages & $49,998 $14,614 $64,6t2
Benefits

:)that Direct Costs(TaskS)
~upplies and disposables .’ , $10,000 $13 $10,000
[ravel to collecting sites $500 $0 $500
rrsvel to meetings $2,500 $500 $2,500
Publication costs ~ $_600 $600

Subtotal, OtherDirectCoats $13,600 $500 $13,600

Totul Direct Coasts, Tag k 5 __ ~ , $53,59~8 $t5,114 $78,212

Indirect Costs (38,7% of total direct costs) $1g,350 $5,656 $26~06
CSUF Federal rate is 38.7% of salaries and benefits

Request Match    Total
T-otsi Task 5                                      $82,948 $20,770 $103,217
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YEAR TWO

Tasks 1&2: isolation, PurificaUon and Characterization of vitellin, the
~evelopment of the antibody against vltefiln and the development the ELISA
rand Wastem Blot assays

3elades Request Match Total
B~an Tsukimura 25% time x I Academic Year $12,041 $12,041

Match: 114 time x 1 Acud. Year $t2,041 $t2,041
2 months summer salary $10,700 $10,700

P-raduate Assistant $1,000 x t2 m~s. X 20 hrs @ t.03 $12,360 $12,360

Student Assistant $9.001hr. x 12 mos. X 20 h~s @1.03 $9,641 $9,641

Fringe Benefits
B,~n Tsukimura .~,ademic year release rate=25% $3,010 $3,010

A~ademic year release rate=25% $3,010
Summer/overload rate=l 1% $1,325 $1,325

P-raduate Assistant t~lju n= faculty rate=l 1% $1,360 $1,360

Student Assistant Student benefit rato=11% $1,061 $t,061

Subtotal, Salaries, Wages & Benefits $50,173 $15,051 $63,535

Other Direct Costs (Tasks 1&2)
Supplies and disposables $10,000 $4,100 $t4,100
Equipment-HPLC $0 $32,000 $32,000
Travel to meetings $2,500 $500 $3,000
Travel to cdlecting sites $500 $500 $1,000
Publication and pdnting $600 $600 $1,200

~ubtotal, Other Direct Costs $13,600 : $37,700 $51,300

total Direct Costs, Tasks 1&2 $63,773 ; $52,751 $114,839

Indirect Costs (38.7% of total direct costs $19,417 $5,825 i $24,590
3SUF Federal rate is 38.7% of Salaries and benefits

~:
I: $73,627 $202,968

total Tasks 1&2 Requsat Match    Total
$t33,363
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YEAR TWO

rask 3: DeterminMIon of female reproductive atatas                                  i       __

~alarie~ Request Match Total
~rian Tsukimura 25% release time x I semester $5,017 $5,01

Match: 1N time x 1 Acad. Year $5,017 $5,01

~-aduate Assistant $1,000 x 6 mco. X 20 hrs @ 1.03% $6,180 $~,130

Student Asslsfant ~9.00/hr. x 5 mos. X 20 hrs. @1.03 $t,112 $1,112

Fdnge Benefits
E~lian Tsukimura Academic year release rate=25% $1,254 $1,254

Academic year release rate=25% $1,254 $1,254

3reduate Assistant IAdjunct faculty rate=l 1% $680 $680

~udent Assistant i Student benefit rate=l 1% $122 $122

~ubfefel, Salarfas, Wages & Benefits $14,365 $6,271 $20,636

~upp~ea and disposables , , $10,000 $4,100 $14,100
E.quipment-HPLC i $0 $32,0~0 $32,000
travel to meetings $2,500 $500 $3,000
I’ravel to collecting sites $500 $500 $1,000
~ublication and Ixinting ~ $600 $600 $1,200

$ubfetal, Other Direct Costs $13,600 $37,700 $51,300

$27,965 $43,971 $71,936rota, Direct Costa, Ta, k 3    I       I

Indlract Costa (38.7% of total direct costs) i $5,560 $2,426 $7,986
.3SUF Federal rate is 38.7% of Salarise and benefits

rotal Task 3 Request Match l’otal
$47,890 $52,668 $100,558
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YEAR TWO

]’a~k 4: Determine normal reproductive cycle

Satades Request Match Total
BdarlTsul<imura ~5%time 1 semeste and $6,017 ~ $8,01~7

Summer saisry I $10,700 $10,700
~latch 25% time x 1 semester $5,017 $5,017

;raduate .~sistant ~1,000 x 6 mos. X 20 hrs @ 1.03% $6,180 $6,180

Student Assistant 9,00/hr. x 12 mos. X 20 hrs @1.0." $1.112 $1.112

FHnge Benefits
Bdan Tsukimura ~,cademic year release rate=25% $1,254 $1,254

~cademic year release rate=25% $1,254
Summerloverload rate=11% $1,177 $1,177

Graduate Assistant ~djunct faculty rate: 11% $680 ~ $680

itudent Asaistant Student benefit rate=l 1% $122 $122

Subtotal, Salaries, Wages & Benefits $28,130 $6~171 $31,269

Other Dlrect Costs (Task 4) !
Supplies and disposables I ~ $5,000 $4,100 $9,100
Travel to mesf~ngs $2,500 $,500 $3,000
Travel to collecting sites $600 i
Pub~,ation and pdnting I $600 I $600 $1,200

Subtotal. ~her Olre~t Costs i $8,600 $5,700 $14,300

TOtal Direct Costs, Task 4 $33,730 $11,971 $45,559

Indirect Costs (38.7% of total direct costs) $9,725 $2,427 $12,097
CSUF Federal rate is 38.7% of Salaries and benefits

Total Task 4 Request Match    Total
$68,585 $20,669    $88,915
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YEAR TWO

Salaries I Request Match total
Brian Tsukimura 25% time x 1 Academic Year $12,(~41 $12.041

Match: 1/4 time x 1 Acad. Year $12,041 $12,041
2 months summer salaP/ $10,700 $10,700

:
Gre~uate Assistant $1,000 x 12 mos. X 20 hrs @ 1.03 $12,360 $12,360

Student Assistant $9.00/hr. x 12 mos. X 20 hrs @1.0 $9,8<-1 ~$9r641

Fdnge Benefits I
Bdan Tsukimura Academic year release rnte=25% $3,010 $3,010

Academic year release r-~e=25% $3,010 ;
Summedoverloadrate=11% $1,325 i $1,325

Graduate Assistant Adjunct faculty rate=l 1% $1,360 $1,360

Student Assistant Student benefit rata= 11% $1,061 $t ,081

Subtotal, Salaries, Wages & Benefits ~ $60,173 $15,061 $53,638

Supplies and disposables j $10,000 $4,100 $14,100
Travel to meetings ~1 , $2,500 $5(~ $3,000
Travel to collecting sites I :: $500 $500 $1,000
Publication and pdnting i $600 $600 $1,200

Subtotal, Otller DIrest Costs $13,600 $5,700 $19,300

Total Direct Costs, Task 5 $63,773 $20,751 $82,839

Indlrec~ C°~ta (38"7% °f t°tal d!rec~ c°~ta) I $19,417 $5,825 $24,590
CSUF Federal rate is 38.7% of Salaries and benefits !

Total Task 5                                             Request I~atch    Total
$133,363 $41,627 $170,9~8

I --020025



YEAR THREE

Task 1&2: Determination of female reproductive states
~he development of the antibody against vitellin end the development
the ELISA and Westsm Blot assays

Salartes , Request Hatch iTotal
Bdee Tsukirnura 25% Ume x 1 i~.cadami¢ Year $12,402 i $12,402

~atch: 1/~- time x 1 Acad. Year $12,402 $12,402
2 months summer salary $11,021 $11,021

Graduate Assistant $1,000 x 12 mos. X 20 hrs. @ 1.03 $12,730 I $12,730

Student Assistant 9.00/hr. x 12 mos. X 20 hrs @ 1.03 $9,930 I $9,030

Fringe Benefd~
Bdan Tsukimura ~ademic year re,ease rate=25% $3,101 ! $3,101

~cademic year release rate=25% $3,101
Summer/overload rate=11% $1,364 $1,364

Gradu~e Assistant ~,djunct faculty rate=11% $1,400 I $t,400

Student Assistant Student benefit rate=11% $1,092 I $1,092

Subtotal, Salar~s, Wages & Benefits $53,940 $16,603 $64,542

:Other Direct Costs (Tasks 1&2) ;
Supplie~ and disposables = $t0,000 $4,100 $14,100
Travel to meetings $2,500 $1,000 $3,500
Travel to collecting sites $500 $500 $1,000
Publication and printing $600 $600 $600

Subtotat, Other Dl~’ect Costs $13,600 $6,200 $19,200

Total Direct Costs, Tasks 1 &2 $66,640 $21,703 $83,742

ndimct Comte
~,SUF Federal rate is 38.7% of S~laries and b~nafits $20,528 $6,000 $24,978

Total Tasks t&2 I Request Match Total
! $140,206 $43,206 $173,262
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YEAR THREE

Task 3: Determination of female reproductive states

Saladse Request Match total
Bdan Tsukimura 25% r~lease time x 1 semester $5,166 $5,168

Match: 1/4 time x 1 Acad, Year $5,168 $5,168

Gr~:t~i~ Assistunt $1,000 × 6 m~s. X 20 hrs. @ 1.0~% $6,306 ~,~

Student Assistant $9.00/hr. x6 mos. X 20 hre @ 1.03 $1,145 $1,145

Fringe Benefits =
Bdan Tsukimura iAcademic year release rate=25% $t,2~2 $1,262

~ _Academi~c year release rate--25% $1,292

Graduate Assistant Adjunct faculty rate=l 1% $700 $700

Student Assistant Student benefit rate=11% $126 $126

Subtotal, Salaries, Wages & Benefits $14,796 $6,460 $19,964

Other Direct Costs Task 3 , .
Supplies and disposables $10,000 $4,100 $14,100
Travel to meetings $2,500 $1,000 $3,500
Travel to collecting sites $500 $500 $1,000
Publication and printing $600 $600 $600

Subtotct, Other Oirect Costa $13,600 $6,200 $19,200

Total Direct Co~ts Task 3 $28,396 $12,660 $39,t84

Indirect Costa
0CSUF Federal Pats is 38 7 % of Salaries and benefits $5,726 $2,500 $7,726

Total Tesk 3 Request Match I’otal
.~8,918 $21,620 $66,854
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YEAR THREE

Task 4: Detannlna normal reproductive cycle

Brian Tsukimura 25~ t~me 1 semester and "          $5,168 $5,168
Summer calaPJ $11,02t $11,021
Match 25% time x 1 semester $5,168 $8,168

Graduate Assistant $1,000 x 6 mos. X 20 hrs, @ 1.03% $6,365 - $6,365

Student Assistant $9~00lhr. x 6 too& X 20 hrs @ 1.03 $1,145 $1,145

Fringe Beneflta __ I __! __
Brian Tsukimura Academic year release rate=25% $1,292 $1,292

Academic year release rata==25% $1,292
Summedoverlead rate=l 1% $568 $568

Graduate Assistant Adjunct taculty rate= 11% $700 $700

Student Assistant Student benefit rata=11% $126 $126

Subtotal, Salaries, Wages & 8eaet#s $26~85 $6,460 $31,853

Other Direct Ceata Task 4
Suppliea and disposables : ¯ $5,000 $4,100 $9,1~0
Travel to meetings $2,500 $1,000 i $3,800
Travel to collecting sites ~ $500 $500 $1,Q00
Publication and printing ’--=-- $600 $600 ( $1,200

Subtotal, Other Direct Costs $8,600 $6,200 ; $14,800

Total Direct Costa Task~ =__ $34,885 $12,660 $46,~

Indirect Co~tc
CSUF Federal rate is 38.7% of Salades and benefits $10,211 $2,500 i $12,211

m
Total Ta=sk 4 Request Match    ITotel

$7t,581 i $21,620 i $60,t17

I --020028
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YEAR THREE

Task 5: Environmental Stimulation of Gonad maturation

Salaries Request Match l’otal
Brian Tsukimura i25% time x t Academic Year $12,402 $12,402

Match: 114 9me x t Acad. Year $12,402 $12,402
2 months summer sala~ $11,021 $11,021

Graduate Assistant $1,000 x 12 mea. X 20 hrs. @ 1,03 $12,730 $12,730

Student Assistant ;900/hr. x 12 mos, X 20 hrs @ 1.0~ $9,930 $9.030

Fdnge Benefits
Bdan Tsukimura Academic year release rate=25% $3,101 $3,101

Academic year release rate=25% $3.101
Summer/overload rate=11% $1.364 $1,364

Graduate Assistant ’Adjunct faculty rato=11% $1,400 $1.400

Student Assistant
~Student belnefit rate_==11%

$1.092 $1,092

Subtotal, Salaries, Wages & Benefits $53,040 $16,603 $64,542

Other Direct Costs Task 5
Supplies and disposables i ; $10.000 $4,100 $14,100
Travel to meetings $2.500 $1.000 $3,500
Travel to eallecting sites $500 $500 $1,000
Publication and printing $600 $600 $600

Subtola/, OfherD/rectCosts $13,600 $~,200 $19.200

Total Direct Costs Task 5 $66,640 $21,703 $83,742

Indirect Costs      ,
CSUF Federal rate is 38.7% of Salaries and benefits        $20,526    ,~ 6.(00 ~: 4,~ 78

Total Tsek 5 I Request !Match    |Totsl
$14~,2~6 ,$43,206 i $173,262
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