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PREAMBLE	
  

World	
  Aquaculture	
  2008	
  
Busan,	
  Korea	
  

19-­‐23	
  May	
  2008	
  

The	
  2008	
  Annual	
  International	
  Conference	
  and	
  Exposition	
  of	
  the	
  World	
  Aquaculture	
  Society	
  held	
  in	
  
Busan,	
  Korea,	
  was	
  themed,	
  “Aquaculture	
  for	
  Human	
  Wellbeing	
  –	
  The	
  Asian	
  Perspective.”	
  CRSP	
  
researchers	
  presented	
  over	
  50	
  talks	
  and	
  posters	
  at	
  the	
  Conference.	
  On	
  May	
  21,	
  Dr.	
  Egna	
  co-­‐moderated	
  
a	
  well-­‐attended	
  CRSP	
  session	
  featuring	
  12	
  presentations	
  on	
  CRSP	
  global	
  successes	
  in	
  genetics,	
  
reproductive	
  biology,	
  physiology,	
  production,	
  health	
  and	
  safety,	
  marketing,	
  and	
  capacity	
  building.	
  Also	
  
on	
  May	
  21,	
  the	
  African	
  Aquacultural	
  Session,	
  with	
  CRSP	
  Co-­‐Moderators	
  Nancy	
  Gitonga	
  (Kenya)	
  and	
  
Khalid	
  Salie	
  (South	
  Africa),	
  featured	
  additional	
  talks	
  on	
  CRSP	
  projects	
  in	
  Ghana,	
  Kenya,	
  and	
  South	
  Africa.	
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Aquaculture	
  and	
  AquaFish	
  CRSP	
  Session	
  Agenda	
  
Wednesday,	
  May	
  21,	
  2008,	
  09:00	
  -­‐	
  14:50	
  

Chairs:	
  Kevin	
  Fitzsimmons	
  and	
  Gyung-­‐Soo	
  Park	
  
Moderator:	
  Hillary	
  Egna	
  

09:00	
   Assessment	
  of	
  size	
  distribution,	
  sex	
  conversion	
  rate,	
  growth	
  and	
  survival	
  of	
  Nile	
  tilapia	
  
(Oreochromis	
  niloticus)	
  fry	
  collected	
  from	
  artificial	
  incubation	
  units,	
  hapas,	
  and	
  ponds	
  
Remedios	
  Bolivar	
  

09:20	
   Evaluation	
  of	
  the	
  use	
  of	
  Insulin-­‐like	
  Growth	
  Factor-­‐I	
  gene	
  expression	
  as	
  an	
  instantaneous	
  
growth	
  indicator	
  in	
  the	
  tilapia,	
  Oreochromis	
  niloticus	
  
Christopher	
  L.	
  Brown	
  

09:40	
   Incorporation	
  of	
  the	
  native	
  cichlid,	
  Petenia	
  splendida,	
  into	
  sustainable	
  aquaculture:	
  
reproduction	
  systems,	
  nutrient	
  requirements,	
  and	
  feeding	
  strategies	
  
Wilfrido	
  Contreras-­‐Sanchez	
  

10:00	
   Aquaculture	
  research	
  in	
  Guyana:	
  the	
  work	
  of	
  the	
  Mon	
  Repos	
  Aquaculture	
  Station	
  
Tejnarine	
  S.	
  Geer	
  

10:20	
   Elimination	
  of	
  methyltestosterone	
  from	
  intensive	
  masculinization	
  systems:	
  use	
  of	
  solar	
  
irradiation	
  and	
  bacterial	
  degradation	
  
Wilfrido	
  Contreras-­‐Sanchez	
  

11:30	
   Management	
  strategies	
  for	
  oyster	
  culture,	
  Crassostrea	
  gigas	
  and	
  C.	
  cortesiensis,	
  in	
  Sinaloa	
  and	
  
Nayarit,	
  Mexico	
  
Maria	
  C.	
  Haws	
  

11:50	
   Bivalve	
  market	
  study	
  in	
  Pacific	
  Mexico	
  
Francisco	
  J.	
  Martinez-­‐Cordero	
  

12:10	
   Contributions	
  of	
  the	
  Aquaculture	
  Collaborative	
  Research	
  Support	
  Program	
  to	
  the	
  
development	
  of	
  fish	
  farming	
  in	
  Kenya	
  
Charles	
  C.	
  Ngugi	
  

13:30	
   Influence	
  of	
  indispensable	
  amino	
  acid	
  imbalanced	
  diets	
  on	
  growth	
  and	
  free	
  amino	
  acid	
  levels	
  
in	
  body	
  tissues	
  of	
  tropical	
  fish	
  pacu,	
  Piaractus	
  mesopotamicus	
  
Maria	
  Ceclia	
  Portella	
  

13:50	
   Limnological	
  characteristics	
  and	
  cage	
  culture	
  practice	
  in	
  Indrasarobar	
  Reservoir	
  of	
  Nepal	
  
Madhav	
  K	
  Shrestha	
  

14:10	
   Enhancing	
  local	
  capacities	
  on	
  tilapia	
  seed	
  production	
  through	
  education	
  in	
  Honduras	
  
Suyapa	
  Triminio	
  Meyer	
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14:30	
   Dynamics	
  of	
  increase	
  in	
  Insulin-­‐like	
  Growth	
  Factor-­‐I	
  mRNA	
  expression	
  in	
  Nile	
  tilapia,	
  
Oreochromis	
  niloticus,	
  in	
  response	
  to	
  elevated	
  temperature	
  
Emmanuel	
  M.	
  Vera	
  Cruz	
  

African	
  Aquaculture	
  Session	
  Agenda	
  
Wednesday,	
  May	
  21,	
  2008,	
  14:50	
  -­‐	
  17:40	
  

Chairs:	
  Khalid	
  Salie	
  and	
  Jong-­‐Man	
  Yoon	
  
Moderator:	
  Nancy	
  Gitonga	
  

14:50	
   Small-­‐scale	
  aquaculture	
  and	
  credit	
  use	
  in	
  Ghana	
  
Kwamena	
  Quagrainie	
  

15:10	
   The	
  use	
  of	
  credit	
  in	
  fish	
  production	
  in	
  Kenya	
  
Kwamena	
  Quagraine	
  

16:00	
   Improved	
  principles	
  and	
  practices	
  for	
  small-­‐scale	
  cage	
  culture	
  on	
  irrigation	
  reservoirs	
  in	
  South	
  
Africa	
  
Khalid	
  Salie	
  

16:20	
   Integration	
  of	
  GIS,	
  remote	
  sensing,	
  and	
  USLE	
  to	
  predict	
  soil	
  erosion	
  distribution	
  in	
  Nzoia	
  Basin	
  
(Kenya)	
  
Ernest	
  W.	
  Tollnar	
  

16:40	
   Adding	
  value	
  to	
  weeds	
  Tithonia	
  diversifolia	
  and	
  Chromolaena	
  odorata	
  through	
  their	
  use	
  as	
  
fishpond	
  fertilizer	
  
Rodrigue	
  Yossa	
  Nouaga	
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Aquaculture	
  and	
  AquaFish	
  CRSP	
  Session	
  
Abstracts	
  and	
  Presentations	
  

Assessment	
  of	
  size	
  distribution,	
  sex	
  conversion	
  rate,	
  growth	
  and	
  survival	
  of	
  Nile	
  tilapia	
  (Oreochromis	
  
niloticus)	
  fry	
  collected	
  from	
  artificial	
  incubation	
  units,	
  hapas,	
  and	
  ponds	
  

Remedios	
  Bolivar*,	
  Hernando	
  Bolivar,	
  Antonio	
  Taduan,	
  Lourdes	
  Dadag,	
  Roberto	
  Miguel	
  Sayco,	
  and	
  
Russell	
  Borski	
  

Freshwater	
  Aquaculture	
  Center-­‐College	
  of	
  Fisheries,	
  Central	
  Luzon	
  State	
  University,	
  Science	
  City	
  of	
  
MuNueva	
  Ecija	
  3120,	
  Philippines	
  	
  
rbolivar@mozcom.com	
  	
  

The	
  increase	
  in	
  demand	
  for	
  tilapia	
  fingerlings	
  is	
  a	
  constraint	
  to	
  the	
  expansion	
  of	
  tilapia	
  growout	
  
production.	
  Tilapia	
  hatcheries	
  in	
  the	
  Philippines	
  use	
  various	
  techniques	
  in	
  fry	
  production	
  that	
  includes	
  
ponds,	
  hapas	
  and	
  tanks.	
  Anecdotal	
  observation	
  by	
  tilapia	
  growout	
  farmers	
  indicates	
  that	
  tilapia	
  
fingerlings	
  collected	
  from	
  pond	
  facilities	
  perform	
  better	
  than	
  fingerlings	
  nursed	
  from	
  tanks	
  or	
  hapas.	
  
However,	
  tilapia	
  hatchery	
  operators	
  allegedly	
  claim	
  that	
  sources	
  of	
  fingerlings	
  do	
  not	
  affect	
  growout	
  
performance	
  of	
  the	
  fish.	
  This	
  study	
  evaluated	
  the	
  size	
  distribution,	
  sex	
  conversion	
  ratio,	
  growth	
  and	
  
survival	
  of	
  Nile	
  tilapia	
  raised	
  in	
  incubation	
  jars,	
  ponds	
  or	
  hapas.	
  The	
  GIFT	
  strain	
  of	
  Nile	
  tilapia	
  was	
  used	
  in	
  
these	
  studies.	
  Breeding	
  of	
  tilapia	
  broodstock	
  was	
  conducted	
  in	
  2.5	
  x	
  10	
  x	
  1	
  m	
  net	
  enclosures	
  (hapas)	
  and	
  
in	
  100	
  sq.	
  m.	
  ponds.	
  After	
  15	
  days,	
  fry	
  were	
  collected.	
  Fifteen	
  day	
  prior	
  to	
  collection	
  of	
  fry,	
  eggs	
  were	
  
collected	
  from	
  breeders	
  in	
  hapas	
  and	
  were	
  incubated	
  in	
  artificial	
  incubation	
  jars	
  until	
  yolk	
  sac	
  fry	
  stage.	
  
Fry	
  from	
  different	
  sources	
  (artificial	
  incubation,	
  hapas,	
  ponds	
  and	
  mixed	
  sources	
  [hapas	
  and	
  ponds])	
  
were	
  designated	
  as	
  treatments.	
  Preliminary	
  results	
  showed	
  no	
  significant	
  difference	
  on	
  growth	
  and	
  
survival	
  among	
  treatments.	
  However,	
  fingerlings	
  from	
  the	
  artificial	
  incubation	
  units	
  were	
  found	
  to	
  be	
  of	
  
two	
  sizes	
  only	
  (size	
  22:	
  mean	
  wt.	
  =	
  0.2-­‐0.25	
  g	
  and	
  size	
  20:	
  mean	
  wt.	
  =	
  0.3-­‐0.35	
  g)	
  while	
  tilapia	
  fingerlings	
  
from	
  hapas	
  and	
  ponds	
  were	
  more	
  variable	
  in	
  sizes	
  (size	
  24,	
  22,	
  20	
  and	
  17).	
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Evaluation	
  of	
  the	
  use	
  of	
  Insulin-­‐like	
  Growth	
  Factor-­‐I	
  gene	
  expression	
  as	
  an	
  instantaneous	
  growth	
  
indicator	
  in	
  the	
  tilapia,	
  Oreochromis	
  niloticus	
  
	
  

Christopher	
  L.	
  Brown*,	
  Emmanuel	
  Vera	
  Cruz,	
  Remedios	
  B.	
  Bolivar,	
  and	
  Russell	
  J.	
  Borski	
  
	
  
US	
  Department	
  of	
  Commerce,	
  NOAA	
  Aquaculture	
  and	
  Enhancement	
  Division,	
  The	
  Milford	
  
Laboratory,	
  212	
  Rogers	
  Avenue,	
  Milford,	
  CT.	
  USA	
  06460	
  
christopher.l.brown@noaa.gov	
  	
  

	
  
Insulin-­‐like	
  growth	
  factor-­‐I	
  (IGF-­‐I)	
  is	
  an	
  important	
  compound	
  in	
  the	
  regulatory	
  cascade	
  that	
  controls	
  
growth	
  rate	
  in	
  vertebrates,	
  including	
  teleost	
  fishes.	
  Hepatic	
  IGF-­‐I	
  synthesis	
  is	
  tightly	
  correlated	
  with	
  
growth	
  rate	
  in	
  the	
  Nile	
  tilapia,	
  as	
  confirmed	
  by	
  the	
  detection	
  of	
  gene	
  activity	
  through	
  the	
  quantification	
  
of	
  mRNA.	
  Alterations	
  of	
  the	
  nutritional	
  status	
  of	
  Nile	
  tilapia	
  result	
  in	
  comparable	
  changes	
  in	
  the	
  rate	
  of	
  
growth	
  and	
  in	
  the	
  abundance	
  of	
  IGF-­‐I	
  mRNA	
  in	
  liver	
  tissue.	
  
	
  
Experimental	
  variations	
  of	
  environmental	
  conditions	
  also	
  result	
  in	
  alterations	
  of	
  IGF-­‐I	
  mRNA	
  abundance	
  
in	
  tilapia	
  hepatic	
  tissues,	
  which	
  are	
  clearly	
  reflective	
  of	
  the	
  variable	
  growth	
  status	
  of	
  fish.	
  Temperature	
  
elevation	
  and	
  the	
  lengthening	
  of	
  photoperiod	
  enhance	
  the	
  expression	
  of	
  the	
  IGF-­‐I	
  gene,	
  and	
  result	
  in	
  a	
  
correlative	
  increase	
  in	
  growth	
  rate.	
  Temperature	
  elevation	
  to	
  a	
  level	
  considered	
  optimal	
  for	
  cultivation	
  
of	
  this	
  species	
  (~28oC)	
  more	
  than	
  tripled	
  the	
  abundance	
  of	
  detectable	
  hepatic	
  IGF-­‐I	
  mRNA,	
  also	
  in	
  a	
  close	
  
relationship	
  with	
  the	
  promotion	
  of	
  growth.	
  The	
  sensitivity	
  and	
  rapidity	
  of	
  IGF-­‐I	
  mRNA	
  as	
  a	
  growth	
  
indicator	
  was	
  underscored	
  by	
  the	
  time	
  course	
  of	
  changes	
  in	
  detectable	
  levels;	
  relative	
  increases	
  in	
  
mRNA	
  abundance	
  was	
  seen	
  after	
  two	
  days	
  of	
  temperature	
  alterations,	
  just	
  as	
  initial	
  changes	
  in	
  specific	
  
growth	
  rate	
  first	
  became	
  detectable.	
  	
  
	
  
The	
  relative	
  social	
  status	
  of	
  tilapia	
  has	
  also	
  been	
  found	
  to	
  influence	
  growth	
  rate,	
  and	
  that	
  too	
  produces	
  
marked	
  alterations	
  in	
  IGF-­‐I	
  gene	
  expression.	
  Social	
  dominance	
  results	
  in	
  accelerated	
  growth,	
  as	
  
compared	
  with	
  the	
  growth	
  rates	
  of	
  subordinate	
  animals,	
  which	
  are	
  repressed.	
  The	
  levels	
  of	
  IGF-­‐I	
  mRNA	
  
quantified	
  in	
  hepatic	
  tissue	
  correlate	
  closely	
  with	
  growth	
  rate,	
  and	
  in	
  turn	
  also	
  correlate	
  with	
  the	
  social	
  
rank	
  of	
  male	
  tilapia.	
  
	
  
In	
  sum,	
  these	
  experiments	
  indicate	
  that	
  the	
  quantification	
  of	
  IGF-­‐I	
  gene	
  expression	
  can	
  provide	
  a	
  
precise,	
  rapid,	
  and	
  reliable	
  indication	
  of	
  growth	
  rate	
  in	
  tilapia.	
  Conditions	
  altering	
  growth	
  change	
  IGF-­‐I	
  
production	
  within	
  days,	
  as	
  opposed	
  to	
  the	
  conventional	
  comparative	
  growout	
  studies,	
  which	
  typically	
  
require	
  thousands	
  of	
  animals	
  and	
  a	
  much	
  longer	
  period	
  of	
  time.	
  The	
  measurement	
  of	
  IGF-­‐I	
  gene	
  activity	
  
may	
  provide	
  a	
  useful	
  and	
  practical	
  alternative	
  means	
  of	
  evaluating	
  growth	
  for	
  the	
  assessment	
  and	
  
elaboration	
  of	
  effective	
  rearing	
  conditions	
  for	
  tilapia	
  production.	
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Incorporation	
  of	
  the	
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systems,	
  nutrient	
  requirements,	
  and	
  feeding	
  strategies	
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Our	
  experiments	
  have	
  significantly	
  contributed	
  to	
  the	
  development	
  of	
  the	
  technological	
  package	
  for	
  the	
  
culture	
  of	
  the	
  native	
  cichlid	
  tenhuayaca	
  (Petenia	
  splendida).	
  Information	
  on	
  reproduction	
  in	
  captivity,	
  
larval	
  rearing	
  conditions	
  and	
  feeding	
  during	
  different	
  stages	
  of	
  development	
  has	
  generated	
  an	
  
important	
  starting	
  point	
  for	
  the	
  management	
  and	
  conservation	
  of	
  native	
  cichlids.	
  The	
  aim	
  of	
  this	
  
investigation	
  was	
  to	
  address	
  three	
  research	
  areas:	
  1)	
  reproductive	
  performance	
  with	
  different	
  sex	
  ratios;	
  
2)	
  intensive	
  fry	
  culture	
  using	
  high	
  stocking	
  densities	
  and	
  3)	
  protein	
  requirements	
  for	
  fry,	
  juvenile	
  and	
  
adult	
  growth	
  using	
  practical	
  diets.	
  To	
  determine	
  the	
  best	
  broodstock	
  stocking	
  rates,	
  three	
  male/female	
  
sex	
  ratios	
  were	
  evaluated	
  (1:1,	
  1:2,	
  and	
  1:3).	
  Each	
  treatment	
  consisted	
  of	
  three	
  2	
  m-­‐diameter	
  tanks	
  that	
  
were	
  divided	
  into	
  six	
  spawning	
  compartments.	
  Fertilization	
  rates,	
  hatching	
  success	
  and	
  larval	
  survival	
  
were	
  evaluated	
  from	
  each	
  spawning.	
  Reproductive	
  behavior	
  was	
  also	
  observed	
  in	
  each	
  tank.	
  The	
  effect	
  
of	
  stocking	
  density	
  was	
  evaluated	
  using	
  sex	
  reversed	
  Petenia	
  fingerlings.	
  Fish	
  were	
  stocked	
  at	
  densities	
  
of	
  0.5,	
  1,	
  5,	
  10	
  and	
  20	
  fish/L	
  using	
  70-­‐L	
  cylindrical-­‐conical	
  fiber	
  glass	
  tanks	
  connected	
  to	
  a	
  recirculating	
  
system.	
  The	
  use	
  of	
  vegetable	
  meal	
  at	
  different	
  life	
  stages	
  (larvae,	
  juveniles	
  and	
  adults)	
  was	
  also	
  studied	
  
by	
  replacing	
  fish	
  meal	
  with	
  wheat	
  gluten	
  at	
  different	
  percentages	
  (0,	
  25,	
  50,	
  75	
  and	
  100%).	
  The	
  control	
  
groups	
  consisted	
  of	
  Artemia	
  nauplii	
  for	
  larvae,	
  or	
  commercial	
  feeds	
  for	
  carnivorous	
  species	
  (Silver	
  
CupThe	
  1:2	
  male/female	
  ratio	
  produced	
  the	
  largest	
  number	
  of	
  fry,	
  reaching	
  81,364	
  over	
  70	
  days	
  of	
  
experimentation.	
  This	
  treatment	
  produced	
  more	
  than	
  5,000	
  fry/Kg	
  of	
  female	
  than	
  the	
  other	
  ratios	
  and	
  
more	
  than	
  one	
  thousand	
  fry	
  per	
  day.	
  The	
  average	
  number	
  of	
  eggs	
  produced	
  per	
  female	
  (2,325),	
  
fertilization	
  and	
  hatching	
  rates	
  (above	
  97%),	
  and	
  survival	
  during	
  the	
  early	
  stages	
  (100%)	
  were	
  high	
  for	
  
this	
  species.	
  The	
  results	
  obtained	
  using	
  different	
  stocking	
  densities	
  indicated	
  that	
  the	
  optimal	
  density	
  for	
  
P.	
  splendida	
  was	
  between	
  five	
  and	
  ten	
  larvae/L.	
  This	
  density	
  resulted	
  in	
  good	
  growth	
  and	
  survival.	
  
Stocking	
  densities	
  of	
  0.5	
  and	
  one	
  larvae/L	
  provided	
  the	
  best	
  growth,	
  but	
  the	
  number	
  of	
  fish	
  produced	
  
per	
  tank	
  was	
  significantly	
  reduced.	
  The	
  diet	
  study	
  produced	
  important	
  results	
  in	
  two	
  areas:	
  a)	
  the	
  
development	
  of	
  a	
  practical	
  diet	
  that	
  can	
  be	
  used	
  for	
  larvae,	
  juveniles	
  and	
  adults	
  and	
  b)	
  the	
  utilization	
  of	
  
alternative	
  ingredients	
  in	
  the	
  diets	
  (i.e.	
  wheat	
  gluten)	
  which	
  reduces	
  costs	
  by	
  using	
  lower	
  amounts	
  of	
  
fish	
  meal.	
  Experiments	
  using	
  larvae,	
  juveniles	
  and	
  adults	
  provided	
  similar	
  results	
  regarding	
  the	
  amount	
  
of	
  fish	
  meal	
  that	
  can	
  be	
  replaced	
  with	
  wheat	
  gluten.	
  Even	
  though	
  P.	
  splendida	
  is	
  considered	
  to	
  be	
  a	
  
carnivorous	
  cichlid,	
  fish	
  meal	
  replacement	
  in	
  diets	
  ranging	
  from	
  25	
  to	
  50%	
  (in	
  relation	
  to	
  protein)	
  can	
  be	
  
used.	
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The	
  Mon	
  Repos	
  Aquaculture	
  Station,	
  the	
  first	
  freshwater	
  aquaculture	
  station	
  in	
  Guyana,	
  was	
  
commissioned	
  in	
  2001,	
  with	
  a	
  mandate	
  to	
  conduct	
  research	
  and	
  training,	
  and	
  produce	
  seedstock	
  for	
  
small	
  farmers.	
  	
  
	
  
In	
  the	
  six	
  years	
  of	
  its	
  existence,	
  this	
  facility	
  has	
  trained	
  over	
  150	
  persons	
  in	
  the	
  basics	
  of	
  fish	
  farming,	
  
and	
  has	
  produced	
  over	
  hundreds	
  of	
  thousands	
  of	
  fingerlings	
  of	
  several	
  species,	
  to	
  support	
  small	
  scale	
  
aquaculture	
  development.	
  
	
  
Research	
  activities	
  at	
  the	
  Mon	
  Repos	
  Aquaculture	
  Station	
  are	
  centered	
  on	
  basic,	
  adaptive	
  and	
  practically	
  
oriented	
  activities,	
  for	
  easy	
  adoption	
  by	
  farmers.	
  Important	
  areas	
  of	
  focus	
  are	
  spawning,	
  fry	
  nursing	
  and	
  
growout,	
  and	
  feed	
  and	
  stocking	
  trials.	
  
	
  
Ongoing	
  research	
  is	
  conducted	
  on	
  introduced	
  species:	
  Nile	
  Tilapia	
  (Oreochromis	
  niloticus),	
  Jamaican	
  Red	
  
Tilapia	
  (Oreochromis	
  spp.)	
  and	
  the	
  Giant	
  Malaysian	
  Freshwater	
  Prawn	
  (Macrobrachium	
  rosenbergii),	
  as	
  
well	
  as	
  Native	
  South	
  American	
  species:	
  Sweetwater	
  Pacu	
  (Colossoma	
  macropomum),	
  Hassar	
  
(Hoplosternum	
  littorale)	
  and	
  Arapaima	
  (Arapaima	
  gigas).	
  	
  
	
  
Of	
  particular	
  interest	
  is	
  the	
  research	
  conducted	
  in	
  polyculture	
  of	
  Tilapia	
  and	
  Hassar,	
  which	
  has	
  
demonstrated	
  significant	
  increase	
  in	
  earnings	
  for	
  farmers	
  over	
  monoculture	
  of	
  either	
  species,	
  while	
  
simultaneously	
  increasing	
  the	
  protein	
  production	
  from	
  the	
  same	
  pond	
  area.	
  
	
  
The	
  station	
  supported	
  two	
  rice-­‐fish	
  projects,	
  from	
  2004	
  to	
  2006,	
  funded	
  by	
  the	
  UN-­‐FAO	
  and	
  IFAD,	
  with	
  
the	
  provision	
  of	
  fingerlings,	
  training	
  and	
  technical	
  field	
  support.	
  These	
  projects	
  demonstrated	
  that	
  
integrated	
  rice-­‐fish	
  farming,	
  using	
  Tilapia,	
  resulted	
  in	
  increased	
  yield	
  and	
  quality	
  of	
  rice,	
  reduced	
  input	
  
costs,	
  and	
  increased	
  income	
  for	
  farmers	
  from	
  both	
  the	
  rice	
  and	
  Tilapia	
  crop.	
  	
  
	
  
In	
  2006	
  and	
  2007,	
  activities	
  have	
  focused	
  on	
  the	
  evaluation	
  of	
  the	
  YY	
  or	
  Supermale	
  Tilapia,	
  for	
  supply	
  of	
  
all	
  male	
  fingerlings	
  to	
  small	
  farmers.	
  
	
  
2008	
  and	
  2009	
  will	
  see	
  the	
  Mon	
  Repos	
  Aquaculture	
  Station	
  implementing	
  activities	
  associated	
  with	
  the	
  
Aquaculture-­‐Fisheries	
  Collaborative	
  Research	
  Support	
  Programmes	
  Evaluation	
  of	
  local	
  feed	
  ingredients	
  
for	
  Tilapia	
  and	
  Pacu	
  production.	
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It	
  is	
  well	
  known	
  that	
  one	
  of	
  the	
  major	
  problems	
  in	
  aquaculture	
  is	
  the	
  elimination	
  of	
  culture	
  wastes	
  from	
  
water.	
  The	
  amount	
  and	
  type	
  of	
  residues	
  will	
  depend	
  on	
  the	
  species	
  cultured,	
  the	
  stage	
  of	
  development	
  
and	
  the	
  feeds	
  used.	
  Methods	
  for	
  the	
  elimination	
  of	
  synthetic	
  steroids	
  from	
  aquaculture	
  facilities	
  are	
  
important	
  for	
  keeping	
  safety	
  standards	
  in	
  the	
  industry.	
  We	
  have	
  previously	
  reported	
  that	
  considerable	
  
amounts	
  of	
  MT	
  leak	
  into	
  the	
  environment	
  during	
  dietary	
  treatments,	
  remaining	
  in	
  the	
  water	
  for	
  several	
  
minutes	
  and	
  potentially	
  accumulating	
  in	
  sediments.	
  The	
  goal	
  of	
  this	
  investigation	
  was	
  to	
  determine	
  the	
  
capabilities	
  of	
  biofiltration	
  and/or	
  charcoal	
  sunlight	
  present	
  within	
  our	
  Recirculating	
  Aquaculture	
  
Systems	
  (RAS)	
  for	
  degrading	
  MT;	
  evaluated	
  in	
  absence	
  or	
  presence	
  of	
  sunlight.	
  Two	
  experiments	
  were	
  
conducted	
  at	
  the	
  Laboratory	
  of	
  Aquaculture	
  at	
  UJAT,	
  in	
  Tabasco,	
  Mexico.	
  MT	
  determination	
  was	
  
conducted	
  by	
  Radioimmunoassay	
  at	
  the	
  fish	
  physiology	
  and	
  genetics	
  at	
  Oregon	
  State	
  University.	
  We	
  
were	
  able	
  of	
  following	
  the	
  steroid	
  closely,	
  obtaining	
  two	
  very	
  distinctive	
  patterns	
  of	
  elimination.	
  Results	
  
from	
  this	
  research	
  indicate	
  that	
  large	
  amounts	
  of	
  MT	
  in	
  the	
  water	
  can	
  be	
  completely	
  removed	
  when	
  
activated	
  charcoal	
  is	
  used	
  in	
  a	
  RAS	
  and	
  partially	
  removed	
  by	
  either	
  sunlight	
  exposure	
  and/or	
  
biofiltration.	
  Activated	
  charcoal	
  in	
  RAS	
  can	
  efficiently	
  remove	
  MT	
  in	
  less	
  than	
  24	
  hours	
  of	
  treatment.	
  
Both	
  sunlight	
  and	
  biological	
  filtration	
  follow	
  a	
  very	
  similar	
  pattern	
  of	
  MT	
  degradation,	
  suggesting	
  that	
  
these	
  systems	
  can	
  eliminate	
  the	
  synthetic	
  steroid	
  if	
  exposed	
  for	
  a	
  significant	
  amount	
  of	
  time.	
  The	
  results	
  
from	
  this	
  investigation	
  encourage	
  us	
  to	
  keep	
  promoting	
  the	
  use	
  of	
  Recirculating	
  Aquaculture	
  Systems	
  in	
  
aquacultural	
  facilities	
  that	
  conduct	
  masculinization	
  of	
  fish	
  using	
  synthetic	
  steroids.	
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Management	
  strategies	
  for	
  oyster	
  culture,	
  Crassostrea	
  gigas	
  and	
  C.	
  cortesiensis,	
  in	
  Sinaloa	
  and	
  
Nayarit,	
  Mexico	
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Oyster	
  culture	
  has	
  been	
  practiced	
  in	
  Nayarit	
  State	
  on	
  the	
  Pacific	
  Coast	
  of	
  Mexico	
  for	
  35	
  years,	
  while	
  in	
  
Sinaloa	
  State,	
  this	
  activity	
  is	
  beginning.	
  Preliminary	
  microbiological	
  water	
  quality	
  monitoring	
  
demonstrated	
  that	
  poor	
  sanitation	
  conditions	
  in	
  commercial	
  shellfish	
  growing	
  waters	
  exist.	
  This	
  is	
  due	
  in	
  
part	
  to	
  inadequate	
  waste	
  water	
  treatment	
  of	
  domestic	
  wastes	
  that	
  are	
  discharged	
  directly	
  into	
  growing	
  
areas.	
  Since	
  the	
  goal	
  is	
  to	
  produce	
  safe	
  shellfish	
  for	
  local	
  consumption	
  as	
  well	
  as	
  potentially	
  for	
  export,	
  
improving	
  water	
  quality	
  in	
  shellfish	
  growing	
  areas	
  is	
  a	
  priority	
  for	
  a	
  collaborative	
  effort	
  involving	
  the	
  
Autonomous	
  University	
  of	
  Sinaloa,	
  Pacific	
  Aquaculture	
  and	
  Coastal	
  Resources	
  Center/University	
  of	
  
Hawaii	
  Hilo,	
  Louisiana	
  State	
  University,	
  and	
  the	
  Research	
  Center	
  for	
  Food	
  and	
  Development/Mazatlan	
  
(CIAD),	
  sponsored	
  by	
  the	
  AquaFish	
  Collaborative	
  Research	
  and	
  Support	
  Program	
  (CRSP)	
  of	
  Oregon	
  State	
  
University	
  with	
  funding	
  from	
  the	
  United	
  States	
  Agency	
  for	
  International	
  Development	
  (USAID).	
  
	
  
Monitoring	
  revealed	
  that	
  in	
  the	
  case	
  of	
  the	
  principal	
  growing	
  areas	
  for	
  Crassostrea	
  cortesiensis	
  in	
  
Nayarit	
  State,	
  total	
  and	
  fecal	
  coliform	
  levels	
  for	
  most	
  sampling	
  stations	
  exceeded	
  standards	
  established	
  
by	
  Mexico,	
  which	
  are	
  similar	
  to	
  those	
  used	
  in	
  the	
  United	
  States.	
  On	
  the	
  other	
  hand,	
  at	
  Santa	
  Maria	
  Bay	
  
(Bahia	
  Santa	
  Maria),	
  located	
  in	
  Sinaloa	
  State,	
  levels	
  fell	
  well	
  below	
  the	
  maximum	
  allowable	
  limits	
  in	
  all	
  
areas	
  sampled.	
  These	
  results	
  were	
  presented	
  in	
  public	
  meetings	
  involving	
  a	
  wide	
  range	
  of	
  stakeholders	
  
in	
  both	
  states	
  in	
  order	
  to	
  develop	
  strategies	
  to	
  manage	
  water	
  quality	
  in	
  contaminated	
  areas	
  and	
  
maintain	
  good	
  water	
  quality	
  in	
  pristine	
  areas.	
  In	
  Nayarit,	
  one	
  result	
  of	
  the	
  public	
  involvement	
  was	
  the	
  
formation	
  of	
  the	
  Council	
  for	
  the	
  Conservation	
  and	
  Development	
  of	
  the	
  Boca	
  de	
  CamichEstuary	
  
(CCDEBC),	
  a	
  major	
  oyster	
  cultivation	
  area.	
  This	
  Council	
  subsequently	
  established	
  strategies	
  to	
  reduce	
  the	
  
bacterial	
  levels	
  in	
  the	
  growing	
  areas	
  including:	
  an	
  environmental	
  education	
  program	
  for	
  the	
  
communities	
  within	
  the	
  watershed	
  area;	
  efforts	
  to	
  find	
  areas	
  for	
  oyster	
  relaying	
  and	
  depuration	
  which	
  
could	
  be	
  classified	
  as	
  acceptable	
  within	
  the	
  Mexican	
  standards;	
  and	
  development	
  of	
  depuration	
  capacity	
  
for	
  large	
  volumes	
  of	
  production.	
  	
  
	
  
In	
  the	
  case	
  of	
  Sinaloa	
  State,	
  C.	
  gigas	
  is	
  currently	
  cultured	
  in	
  Altata	
  Bay,	
  part	
  of	
  the	
  larger	
  Santa	
  Maria	
  Bay	
  
system,	
  and	
  efforts	
  are	
  underway	
  to	
  extend	
  cultivation	
  into	
  other	
  parts	
  of	
  the	
  State,	
  beginning	
  with	
  sites	
  
in	
  Santa	
  Maria	
  Bay.	
  Training	
  with	
  women	
  and	
  fishers	
  in	
  small	
  communities	
  is	
  also	
  conducted	
  to	
  promote	
  
so	
  oyster	
  culture	
  as	
  an	
  alternative	
  livelihood.	
  C.	
  gigas,	
  although	
  a	
  proven	
  culture	
  species,	
  is	
  an	
  
introduced	
  species	
  which	
  has	
  a	
  higher	
  production	
  costs	
  due	
  to	
  the	
  need	
  to	
  import	
  seed,	
  so	
  grow-­‐out	
  
trials	
  of	
  the	
  native	
  C.	
  cortesiensis	
  are	
  being	
  conducted	
  since	
  spat	
  could	
  be	
  collected	
  from	
  the	
  wild.	
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Bivalve	
  market	
  study	
  in	
  Pacific	
  Mexico	
  
	
  
F.J.	
  Martinez-­‐Cordero,	
  Q.S.W	
  Fong,	
  M.C.	
  Haws,	
  E.	
  Gaxiola-­‐Camacho,	
  and	
  G.	
  Rodriguez-­‐Dominguez	
  
	
  
Centro	
  de	
  Investigacien	
  Alimentaciy	
  Desarrollo,	
  A.C.	
  
AP.711,	
  Mazatl	
  
Sinaloa,	
  M82000	
  
cordero@ciad.mx	
  

	
  
A	
  market	
  study	
  for	
  oysters	
  grown	
  by	
  social	
  (cooperatives)	
  groups	
  of	
  farmers,	
  in	
  BahSanta	
  MarSinaloa,	
  
Mwas	
  carried	
  out	
  as	
  part	
  of	
  a	
  multi-­‐component	
  effort	
  conducted	
  with	
  the	
  beneficiaries	
  in	
  order	
  to	
  help	
  
them	
  to	
  successfully	
  produce	
  and	
  commercialize	
  their	
  oyster	
  production.	
  This	
  study	
  focused	
  on	
  
information	
  from	
  the	
  demand	
  side	
  (including	
  consumer	
  preferences)	
  specifically	
  the	
  market	
  segment	
  of	
  
local	
  buyers,	
  since	
  this	
  is	
  considered	
  the	
  most	
  feasible	
  option	
  for	
  marketing	
  given	
  the	
  small-­‐scale	
  nature	
  
of	
  the	
  stakeholders	
  aquaculture	
  operations.	
  The	
  work	
  was	
  conducted	
  by	
  the	
  Research	
  Center	
  for	
  Food	
  
and	
  Development/Mazatlan	
  (CIAD),	
  Fishery	
  Industrial	
  Technology	
  Center/University	
  of	
  Alaska	
  Fairbanks-­‐
Kodiak,	
  Autonomous	
  University	
  of	
  Sinaloa	
  and	
  the	
  Pacific	
  Aquaculture	
  and	
  Coastal	
  Resources	
  
Center/University	
  of	
  Hawaii	
  Hilo,	
  sponsored	
  by	
  the	
  AquaFish	
  Collaborative	
  Research	
  and	
  Support	
  
Program	
  (CRSP)	
  of	
  Oregon	
  State	
  University	
  with	
  funding	
  from	
  the	
  United	
  States	
  Agency	
  for	
  International	
  
Development	
  (USAID).	
  
	
  
The	
  results	
  show	
  that	
  selling	
  directly	
  to	
  local	
  buyers	
  (restaurants	
  and	
  owners	
  of	
  mobile	
  point	
  of	
  sales)	
  is	
  
the	
  best	
  marketing	
  strategy	
  to	
  follow	
  for	
  the	
  stakeholders,	
  considering	
  their	
  current	
  low	
  production	
  
capacities.	
  Analysis	
  of	
  the	
  characteristics	
  of	
  this	
  local	
  market	
  revealed	
  preferences	
  for	
  the	
  local	
  regional	
  
oyster	
  (Crassostrea	
  cortesiensis),	
  and	
  a	
  market	
  window	
  for	
  product	
  with	
  consistent	
  year-­‐round	
  supply	
  
that	
  is	
  high-­‐quality	
  (larger	
  sizes),	
  and	
  safe.	
  The	
  stakeholders	
  are	
  advised	
  to	
  take	
  advantage	
  of	
  a	
  possible	
  
0.50-­‐1.00	
  peso	
  increase	
  in	
  price	
  per	
  piece	
  that	
  buyers	
  will	
  pay	
  when	
  these	
  desired	
  characteristics	
  are	
  
met.	
  Stakeholders	
  from	
  this	
  project	
  may	
  consider	
  taking	
  a	
  price	
  premium	
  offer	
  by	
  survey	
  respondents	
  
from	
  local	
  markets	
  by	
  delivering	
  a	
  high	
  quality,	
  larger	
  sized	
  oyster	
  with	
  safety	
  guarantees.	
  With	
  products	
  
that	
  include	
  the	
  said	
  characteristics,	
  a	
  long-­‐term	
  commercial	
  relationship	
  that	
  is	
  based	
  on	
  trust	
  and	
  
personal	
  communications	
  can	
  then	
  be	
  established	
  with	
  buyers.	
  
	
  
The	
  timing	
  may	
  be	
  right	
  for	
  the	
  stakeholders	
  to	
  develop	
  markets	
  and	
  buyer-­‐seller	
  relationships	
  in	
  the	
  
markets	
  surveyed	
  based	
  on	
  the	
  results	
  of	
  the	
  one-­‐on-­‐one	
  interviews,	
  which	
  guarantees	
  the	
  price	
  
premium	
  offered	
  by	
  the	
  buyers.	
  In	
  a	
  few	
  years,	
  there	
  will	
  be	
  more	
  products	
  in	
  the	
  market,	
  and	
  the	
  price	
  
elasticity	
  of	
  demand	
  may	
  turn	
  negative.	
  Finally,	
  wholesale	
  markets	
  are	
  not	
  recommended	
  to	
  the	
  
stakeholders,	
  since	
  the	
  local	
  market	
  is	
  significant	
  enough	
  to	
  absorb	
  current	
  production,	
  but	
  also	
  due	
  to	
  a	
  
reduced	
  margin	
  profit	
  in	
  La	
  Viga	
  and	
  Zapopan	
  wholesale	
  markets.	
  The	
  stakeholders	
  would	
  find	
  it	
  very	
  
difficult	
  to	
  sustain	
  a	
  high-­‐volume	
  supply	
  of	
  oyster,	
  which	
  is	
  what	
  these	
  markets	
  demand.	
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Contributions	
  of	
  the	
  Aquaculture	
  Collaborative	
  Research	
  Support	
  Program	
  to	
  the	
  development	
  of	
  fish	
  
farming	
  in	
  Kenya	
  

	
  
Charles	
  C.	
  Ngugi*	
  and	
  James	
  R.	
  Bowman	
  
	
  
Moi	
  University	
  Department	
  of	
  Fisheries	
  and	
  Aquatic	
  Sciences	
  
P.O.	
  Box	
  1125,	
  Eldoret,	
  Kenya	
  
cngugi@africaonline.co.ke	
  	
  

	
  
Research	
  and	
  outreach	
  efforts	
  conducted	
  under	
  the	
  Aquaculture	
  Collaborative	
  Research	
  Support	
  
Program	
  (ACRSP)	
  have	
  resulted	
  in	
  a	
  number	
  of	
  aquacultural	
  advances	
  since	
  the	
  program	
  began	
  work	
  in	
  
Kenya	
  in	
  1997.	
  Workers	
  from	
  Moi	
  University,	
  the	
  Kenya	
  Fisheries	
  Department,	
  Oregon	
  State	
  University,	
  
and	
  Auburn	
  University	
  have	
  collaborated	
  closely	
  in	
  this	
  effort,	
  which	
  has	
  focused	
  primarily	
  on	
  increasing	
  
production	
  of	
  farmed	
  Nile	
  tilapia	
  (Oreochromis	
  niloticus)	
  and	
  African	
  catfish	
  (Clarias	
  gariepinus).	
  
Extensive	
  training	
  for	
  extension	
  workers,	
  fish	
  farmers,	
  and	
  university	
  students,	
  focusing	
  on	
  pond	
  design,	
  
pond	
  construction,	
  and	
  pond	
  management,	
  has	
  been	
  a	
  key	
  component	
  of	
  the	
  effort.	
  Other	
  noteworthy	
  
elements	
  of	
  the	
  Kenya	
  Project	
  have	
  included	
  pond	
  and	
  hatchery	
  experiments	
  at	
  Sagana	
  Aquaculture	
  
Centre	
  and	
  the	
  Moi	
  University	
  Fish	
  Farm,	
  economic	
  studies,	
  and	
  testing	
  and	
  disseminating	
  new	
  
technologies	
  through	
  on-­‐farm	
  trials	
  conducted	
  in	
  central	
  and	
  western	
  Kenya.	
  	
  
	
  
Experimental	
  work	
  conducted	
  under	
  the	
  ACRSP	
  Kenya	
  Project	
  has	
  included	
  evaluations	
  of	
  alternative	
  
organic	
  and	
  inorganic	
  fertilizer	
  and	
  feed	
  application	
  rates	
  and	
  regimes	
  for	
  use	
  in	
  earthen	
  ponds,	
  an	
  
examination	
  of	
  the	
  growth	
  and	
  reproduction	
  capacities	
  of	
  three	
  strains	
  of	
  Nile	
  tilapia	
  suitable	
  for	
  fish	
  
farming	
  in	
  Kenya,	
  and	
  work	
  on	
  feed	
  formulation	
  and	
  production	
  using	
  locally	
  available	
  raw	
  materials.	
  
ACRSP	
  studies	
  were	
  also	
  conducted	
  on	
  risk	
  analysis	
  and	
  the	
  economics	
  of	
  tilapia	
  production	
  in	
  Kenya	
  
and	
  commercialization	
  of	
  small-­‐scale	
  fish	
  farming,	
  including	
  aspects	
  of	
  enterprise	
  budgeting.	
  Capacity	
  
building	
  efforts	
  have	
  resulted	
  in	
  tremendous	
  improvements	
  at	
  both	
  Sagana	
  Aquaculture	
  Centre	
  and	
  Moi	
  
University’s	
  Department	
  of	
  Fisheries	
  and	
  Aquatic	
  Sciences.	
  This	
  has	
  occurred	
  mainly	
  through	
  training	
  to	
  
equip	
  university	
  students	
  and	
  Fisheries	
  Department	
  personnel	
  with	
  knowledge	
  on	
  proper	
  pond	
  
construction	
  and	
  the	
  skills	
  needed	
  for	
  improved	
  fish	
  handling	
  and	
  pond	
  management,	
  but	
  also	
  through	
  
physical	
  improvements	
  of	
  the	
  facilities	
  at	
  the	
  two	
  sites.	
  
	
  
Research	
  results	
  are	
  now	
  being	
  shared	
  with	
  extension	
  specialists,	
  advanced	
  farmers,	
  and	
  students.	
  
Improved	
  technologies	
  developed	
  through	
  ACRSP	
  investigations	
  are	
  leading	
  to	
  better	
  fish	
  pond	
  
management	
  by	
  individual	
  fish	
  farmers,	
  resulting	
  in	
  turn	
  in	
  increased	
  fish	
  production.	
  New	
  short	
  courses	
  
are	
  being	
  developed	
  to	
  focus	
  specifically	
  on	
  the	
  production	
  of	
  fingerlings.	
  Much	
  additional	
  research	
  is	
  
necessary	
  to	
  further	
  improve	
  growth	
  and	
  survival	
  of	
  Nile	
  tilapia	
  and	
  African	
  catfish	
  juveniles	
  in	
  the	
  
hatchery	
  and	
  in	
  ponds.	
  Several	
  management	
  strategies	
  will	
  be	
  assessed	
  to	
  determine	
  other	
  means	
  to	
  
increase	
  pond	
  fish	
  production.	
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Influence	
  of	
  indispensable	
  amino	
  acid	
  imbalanced	
  diets	
  on	
  growth	
  and	
  free	
  amino	
  acid	
  levels	
  in	
  body	
  
tissues	
  of	
  tropical	
  fish	
  pacu,	
  Piaractus	
  mesopotamicus	
  

	
  
Rodrigo	
  Takata,	
  Maria	
  C.	
  Portella*,	
  Karolina	
  Kwasek	
  and	
  Konrad	
  Dabrowski	
  
	
  
*SPaulo	
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  University	
  -­‐	
  Aquaculture	
  Center.	
  Via	
  Prof.	
  Paulo	
  Donato	
  Castellane,	
  14884-­‐900	
  
Jaboticabal,	
  SP,	
  Brazil.	
  E-­‐mail:	
  portella@caunesp.unesp.br	
  
The	
  School	
  of	
  Environment	
  and	
  Natural	
  Research,	
  The	
  Ohio	
  State	
  University,	
  Columbus,	
  OH,	
  
43210,	
  USA.	
  
	
  

The	
  pacu,	
  Piaractus	
  mesopotamicus,	
  is	
  a	
  native	
  species	
  extensively	
  cultured	
  in	
  Brazil	
  because	
  of	
  its	
  fast	
  
growth	
  and	
  high	
  consumer	
  acceptance.	
  Almost	
  two	
  decades	
  of	
  research	
  on	
  rearing	
  techniques,	
  
reproduction,	
  nutrition	
  and,	
  more	
  recently,	
  larviculture	
  have	
  resulted	
  in	
  the	
  development	
  of	
  pacu	
  
farming.	
  However,	
  specific	
  information	
  about	
  the	
  role	
  of	
  indispensable	
  amino	
  acids	
  in	
  the	
  physiology	
  of	
  
the	
  species	
  is	
  missing.	
  The	
  present	
  study	
  aimed	
  to	
  compare	
  pre-­‐feeding	
  and	
  postprandial	
  body	
  free	
  
amino	
  acid	
  (FAA)	
  levels	
  in	
  fish	
  fed	
  protein-­‐based	
  (CG),	
  free	
  amino	
  acid	
  (FAA)-­‐based,	
  indispensable	
  amino	
  
acid	
  (IDAA)-­‐balanced	
  and	
  IDAA-­‐imbalanced	
  diets	
  and	
  to	
  understand	
  how	
  disproportional	
  amounts	
  of	
  
IDAA	
  in	
  pacu	
  diets	
  can	
  affect	
  free	
  amino	
  acid	
  levels	
  in	
  fish	
  tissues.	
  
	
  
Pacu	
  juveniles	
  (800	
  fish	
  of	
  the	
  mean	
  weight:	
  97.6	
  10.0	
  mg)	
  were	
  stocked	
  randomly	
  in	
  16	
  polyethylene	
  
tanks	
  (100L	
  capacity).	
  Four	
  isonitrogeneous	
  and	
  isolipidic	
  diets	
  were	
  used	
  in	
  the	
  experiment,	
  each	
  one	
  
assigned	
  to	
  four	
  tanks.	
  The	
  diets	
  were:	
  (a)	
  casein-­‐gelatin-­‐based	
  diet	
  (CG,	
  protein	
  control),	
  (b)	
  FAA-­‐based	
  
diet	
  (with	
  all	
  indispensable	
  amino	
  acids),	
  (c)	
  (-­‐)Lys	
  diet	
  (deficient	
  in	
  Lys,	
  His,	
  Ile,	
  Phe	
  and	
  Trp	
  and	
  (d)	
  (-­‐
)Arg	
  diet	
  (deficient	
  in	
  Arg,	
  Thr,	
  Val,	
  Leu	
  and	
  Met).	
  Amino	
  acids	
  were	
  supplied	
  in	
  the	
  form	
  of	
  L-­‐free	
  amino	
  
acids	
  in	
  FAA,	
  (-­‐)Lys	
  and	
  (-­‐)Arg	
  diets.	
  Juveniles	
  were	
  fasted	
  for	
  48	
  hours	
  and	
  then	
  fed	
  ad	
  libitum	
  with	
  
different	
  diets.	
  Postprandial	
  sampling	
  took	
  place	
  30	
  min	
  after.	
  Subsequently,	
  the	
  experiment	
  was	
  carried	
  
out	
  in	
  two	
  different	
  schedules:	
  fish	
  were	
  fed	
  restricted	
  amounts	
  (5%	
  body	
  weight	
  per	
  day)	
  for	
  20	
  days	
  
and	
  later	
  for	
  40	
  days	
  more	
  (10%	
  body	
  weight	
  per	
  day).	
  Mortality	
  was	
  monitored	
  and	
  moribund	
  fish	
  were	
  
removed	
  to	
  avoid	
  cannibalism.	
  Growth	
  performance	
  was	
  assessed	
  by	
  using	
  mean	
  individual	
  weight	
  (Fig.	
  
1).	
  Free	
  amino	
  acids	
  were	
  quantified	
  by	
  the	
  Waters	
  PicoTag	
  method	
  with	
  pre-­‐column	
  derivatization	
  and	
  
reverse-­‐phase	
  high	
  performance	
  liquid	
  chromatography	
  (RP-­‐HPLC).	
  
	
  
In	
  postprandial	
  samples,	
  levels	
  of	
  free	
  amino	
  acid	
  (FAA)	
  in	
  body	
  tissues	
  showed	
  no	
  difference	
  (P>0.05).	
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Indrasarobar	
  Reservoir	
  is	
  situated	
  at	
  an	
  altitude	
  of	
  1430	
  msl	
  in	
  the	
  mid	
  hill	
  region	
  of	
  Nepal	
  and	
  made	
  for	
  
hydroelectricity	
  generation.	
  The	
  water	
  level	
  in	
  the	
  reservoir	
  fluctuates	
  seasonally	
  making	
  water	
  surface	
  
area	
  from	
  220	
  ha	
  at	
  highest	
  level	
  to	
  75	
  ha	
  at	
  the	
  lowest	
  level.	
  This	
  reservoir	
  is	
  well	
  known	
  for	
  the	
  growth	
  
of	
  planktivorous	
  fish	
  silver	
  carp	
  (Hypophthalmichthys	
  molitrix)	
  and	
  bighead	
  carp	
  (Aristichthys	
  nobilis).	
  
Cage	
  and	
  open	
  water	
  stocking	
  of	
  planktivorous	
  fish	
  in	
  this	
  reservoir	
  has	
  been	
  started	
  since	
  1988	
  and	
  
significant	
  amount	
  of	
  fish	
  harvest	
  has	
  been	
  obtaining	
  each	
  year.	
  At	
  present,	
  230	
  households	
  have	
  been	
  
involved	
  for	
  cage	
  culture	
  operation	
  in	
  1600	
  cages	
  of	
  75000	
  m3	
  volumes	
  and	
  production	
  is	
  164	
  MT/year.	
  
The	
  recent	
  studies	
  have	
  shown	
  that	
  there	
  is	
  possibility	
  of	
  cage	
  culture	
  of	
  high	
  value	
  rainbow	
  trout	
  
(Oncorhynchus	
  mykiss).	
  	
  
	
  
A	
  limnological	
  study	
  of	
  this	
  Reservoir	
  was	
  carried	
  out	
  during	
  20	
  May	
  2006	
  to	
  26	
  March	
  2007.	
  Different	
  
limnological	
  parameters	
  were	
  measured	
  monthly	
  at	
  four	
  fixed	
  sampling	
  stations	
  at	
  0700	
  to	
  0900	
  h	
  
following	
  the	
  procedure	
  of	
  APHA	
  (1985).	
  Results	
  showed	
  that	
  most	
  of	
  the	
  parameters	
  fluctuated	
  
seasonally.	
  Monthly	
  mean,	
  minimum	
  and	
  maximum	
  limnological	
  parameters	
  are	
  presented	
  in	
  Table	
  1.	
  
Temperature	
  ranged	
  from	
  12.20C	
  during	
  February	
  to	
  24.90C	
  in	
  July.	
  Chlorophyll-­‐a	
  concentration	
  was	
  
lowest	
  at	
  May	
  and	
  highest	
  during	
  September.	
  Water	
  depth	
  was	
  lowest	
  60	
  m	
  during	
  May	
  and	
  highest	
  in	
  
November	
  95.8	
  m.	
  Increasing	
  cages	
  has	
  affected	
  fish	
  growth.	
  It	
  needs	
  to	
  assess	
  the	
  carrying	
  capacity	
  for	
  
extensive	
  cage	
  culture	
  as	
  natural	
  food	
  limitation	
  might	
  have	
  affected	
  the	
  growth	
  of	
  fish.	
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The	
  Panamerican	
  Agriculture	
  School	
  (PAS)	
  and	
  the	
  ACRSP	
  are	
  supporting	
  the	
  Luis	
  Landa	
  Technical	
  
Agriculture	
  School	
  (LLAS)	
  in	
  southern	
  Honduras	
  to	
  become	
  a	
  source	
  of	
  tilapia	
  fingerlings	
  for	
  distribution	
  
to	
  local	
  farmers.	
  This	
  region	
  has	
  varied	
  water	
  resources	
  and	
  is	
  close	
  to	
  markets	
  for	
  tilapia	
  in	
  El	
  Salvador.	
  
LLAS	
  is	
  a	
  vocational	
  high	
  school	
  with	
  a	
  program	
  of	
  study	
  in	
  aquaculture,	
  but	
  their	
  on-­‐campus	
  ponds	
  and	
  
other	
  infrastructure	
  are	
  in	
  disrepair	
  due	
  to	
  minimum	
  funding	
  for	
  maintenance	
  and	
  operations.	
  Fingerling	
  
production	
  on	
  campus	
  will	
  provide	
  practical	
  training	
  opportunities	
  for	
  students	
  to	
  complement	
  their	
  
theoretical	
  training	
  and	
  income	
  to	
  support	
  aquaculture	
  activities.	
  LLAS	
  is	
  located	
  in	
  a	
  socio-­‐economically	
  
depressed	
  area	
  with	
  potential	
  for	
  tilapia	
  culture.	
  This	
  activity	
  can	
  have	
  a	
  positive	
  impact	
  on	
  income	
  
generation	
  and	
  poverty	
  alleviation	
  for	
  local	
  farmers.	
  After	
  a	
  visit	
  to	
  the	
  LLAS	
  campus	
  and	
  an	
  initial	
  
meeting	
  between	
  LLAS	
  and	
  PAS	
  aquaculture	
  outreach	
  staff,	
  we	
  established	
  to	
  following	
  goals:	
  

•   inventory	
  of	
  the	
  LLAS	
  aquaculture	
  infrastructure	
  
•   analyze	
  the	
  required	
  resources	
  for	
  beginning	
  fingerling	
  production	
  at	
  LLAS	
  
•   define	
  the	
  training	
  needs	
  for	
  the	
  LLAS	
  aquaculture	
  teachers	
  
•   identify	
  potential	
  collaborators	
  and	
  possible	
  donors	
  to	
  support	
  our	
  efforts	
  
•   establish	
  a	
  timeline	
  and	
  strategy	
  for	
  commencing	
  fingerling	
  production	
  

This	
  report	
  details	
  the	
  situation	
  of	
  the	
  LLAS	
  aquaculture	
  infrastructure	
  and	
  describes	
  the	
  ongoing	
  
strategy	
  to	
  train	
  their	
  teachers	
  and	
  implement	
  a	
  tilapia	
  fingerling	
  production	
  unit	
  on	
  campus.	
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  elevated	
  temperature	
  

	
  
Emmanuel	
  M.	
  Vera	
  Cruz*,	
  Christopher	
  L.	
  Brown	
  
	
  
Freshwater	
  Aquaculture	
  Center/College	
  of	
  Fisheries	
  	
  
Central	
  Luzon	
  State	
  University	
  	
  
Science	
  City	
  of	
  Mu	
  3120	
  	
  
Philippines	
  
bongbee15@hotmail.com	
  	
  

	
  
Insulin-­‐like	
  growth	
  factor-­‐I	
  (IGF-­‐I)	
  is	
  a	
  physiological	
  mediator	
  and	
  a	
  potentially	
  important	
  growth	
  
indicator	
  candidate	
  in	
  teleost	
  fishes.	
  In	
  this	
  study,	
  the	
  effects	
  of	
  increased	
  temperature	
  on	
  the	
  growth	
  
and	
  hepatic	
  IGF-­‐I	
  gene	
  expression	
  in	
  O.	
  niloticus	
  were	
  evaluated.	
  Twenty	
  all-­‐male	
  fish	
  were	
  reared	
  
separately	
  at	
  temperatures	
  below	
  24	
  for	
  12	
  days	
  and	
  then	
  water	
  temperature	
  in	
  15	
  aquaria	
  was	
  
gradually	
  raised	
  to	
  30	
  within	
  a	
  day.	
  Growth	
  and	
  hepatic	
  IGF-­‐I	
  gene	
  expression	
  in	
  five	
  fish	
  were	
  obtained	
  
after	
  2,	
  5	
  and	
  7	
  days	
  of	
  rearing	
  at	
  warm	
  temperature.	
  The	
  growth	
  rate	
  of	
  the	
  fish	
  reared	
  in	
  the	
  warmer	
  
temperature	
  was	
  significantly	
  increased	
  in	
  a	
  time	
  dependent	
  manner	
  (r	
  =	
  0.93).	
  Mean	
  hepatic	
  IGF-­‐I	
  
mRNA	
  levels	
  in	
  fish	
  reared	
  at	
  warm	
  temperature	
  for	
  2,	
  5	
  and	
  7	
  days	
  were	
  elevated	
  1.6-­‐fold,	
  2.5-­‐fold,	
  and	
  
3.6-­‐fold,	
  respectively	
  compared	
  to	
  that	
  of	
  fish	
  reared	
  at	
  cold	
  temperature.	
  The	
  IGF-­‐I	
  levels	
  were	
  
significantly	
  elevated	
  after	
  at	
  least	
  5	
  days	
  of	
  exposure	
  to	
  warm	
  temperature,	
  which	
  is	
  comparable	
  with	
  
the	
  idea	
  that	
  hepatic	
  IGF-­‐I	
  gene	
  expression	
  can	
  be	
  used	
  as	
  a	
  short-­‐term	
  growth	
  rate	
  indicator	
  for	
  O.	
  
niloticus.	
  A	
  significant	
  positive	
  correlation	
  was	
  observed	
  between	
  days	
  of	
  rearing	
  at	
  warm	
  temperature	
  
and	
  hepatic	
  IGF-­‐I	
  levels	
  (r	
  =	
  0.92);	
  between	
  specific	
  growth	
  rate	
  (length)	
  and	
  IGF-­‐I	
  levels	
  (r	
  =0.92);	
  and	
  
between	
  condition	
  factor	
  and	
  IGF-­‐I	
  levels	
  (r	
  =	
  0.55).	
  The	
  high	
  positive	
  association	
  between	
  IGF-­‐I	
  mRNA	
  
and	
  growth	
  rate	
  validated	
  the	
  assertion	
  that	
  hepatic	
  IGF-­‐I	
  levels	
  are	
  sufficiently	
  sensitive	
  to	
  be	
  used	
  as	
  
instantaneous	
  growth	
  rate	
  indicator	
  in	
  this	
  species	
  of	
  fish.	
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Fish	
  farming	
  remains	
  a	
  significant	
  alternative	
  farming	
  activity	
  in	
  southern	
  Ghana	
  and	
  also	
  represents	
  a	
  
potential	
  income	
  earner	
  for	
  farmers	
  in	
  northern	
  Ghana.	
  The	
  contribution	
  of	
  fisheries	
  aquaculture	
  to	
  the	
  
fish	
  requirements	
  of	
  Ghana	
  is	
  limited;	
  meanwhile	
  harvest	
  from	
  capture	
  fisheries	
  is	
  on	
  the	
  decline.	
  
Ghana’s	
  fish	
  imports	
  amounts	
  to	
  about	
  US$200	
  million	
  per	
  annum,	
  an	
  amount	
  that	
  can	
  be	
  reallocated	
  to	
  
other	
  socioeconomic	
  development	
  of	
  the	
  country	
  with	
  a	
  developed	
  aquaculture	
  industry	
  supplying	
  the	
  
fish	
  requirements	
  needed	
  in	
  the	
  country.	
  Growing	
  the	
  aquaculture	
  industry	
  therefore,	
  will	
  reduce	
  fish	
  
imports	
  into	
  the	
  country	
  to	
  save	
  the	
  country’s	
  hard-­‐earned	
  foreign	
  exchange.	
  Recent	
  studies	
  in	
  Ghana	
  
by	
  the	
  Aquaculture	
  Collaborative	
  Research	
  Support	
  Program	
  (ACRSP)	
  have	
  generated	
  information	
  and	
  
data	
  on	
  the	
  economic	
  profitability	
  of	
  fish	
  farming	
  (particularly,	
  Tilapia	
  Oreochromis	
  niloticus)	
  and	
  catfish	
  
Clarias	
  gariepinus)	
  and	
  preliminary	
  studies	
  show	
  that	
  it	
  is	
  a	
  profitable	
  farm	
  enterprise.	
  Any	
  growth	
  in	
  the	
  
aquaculture	
  industry	
  would	
  require	
  additional	
  capital	
  investment.	
  This	
  study	
  examines	
  farmers	
  use	
  of	
  
credit	
  in	
  fish	
  farming.	
  
	
  
The	
  study	
  uses	
  data	
  from	
  a	
  survey	
  of	
  farmers	
  in	
  the	
  Ashanti	
  and	
  Bring-­‐Ahafo	
  regions	
  of	
  Ghana	
  in	
  2005.	
  
The	
  data	
  is	
  part	
  of	
  a	
  larger	
  data	
  set	
  collected	
  with	
  funding	
  from	
  ACRSP.	
  The	
  data	
  included	
  demographic	
  
information,	
  general	
  farming	
  information	
  and	
  information	
  specific	
  to	
  fish	
  farming.	
  To	
  examine	
  factors	
  
affecting	
  the	
  use	
  of	
  credit	
  in	
  fish	
  farming	
  in	
  Ghana,	
  we	
  use	
  a	
  Tobit	
  model	
  to	
  analyze	
  the	
  effects	
  of	
  socio-­‐
economic	
  factors,	
  farm	
  characteristics,	
  infrastructure,	
  and	
  fish	
  sales	
  on	
  use	
  of	
  credit	
  by	
  farmers	
  in	
  a	
  
given	
  region.	
  The	
  Tobit	
  model	
  is	
  a	
  censored	
  normal	
  regression	
  model,	
  and	
  its	
  estimation	
  is	
  related	
  to	
  the	
  
estimation	
  of	
  a	
  censored	
  and	
  truncated	
  normal	
  distribution.	
  In	
  this	
  study,	
  the	
  credit	
  use	
  function	
  is	
  
estimated	
  from	
  a	
  censored	
  sample	
  where	
  the	
  sample	
  population	
  consists	
  of	
  both	
  credit	
  users	
  and	
  non-­‐
credit	
  users	
  in	
  fish	
  farming.	
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Aquaculture	
  is	
  a	
  slow	
  growing	
  industry	
  in	
  Kenya,	
  and	
  contributes	
  less	
  that	
  1%	
  of	
  the	
  total	
  national	
  
protein	
  requirements.	
  Kenya’s	
  aquaculture	
  industry	
  consists	
  of	
  several	
  small-­‐scale	
  and	
  few	
  medium-­‐
scale	
  production	
  of	
  tilapia	
  (Oreochromis	
  niloticus)	
  and	
  catfish	
  (Clarias	
  gariepinus).	
  Total	
  production	
  is	
  
estimated	
  to	
  be	
  about	
  1,000	
  metric	
  tons	
  annually.	
  The	
  artisanal	
  fishery	
  of	
  Lake	
  Victoria,	
  the	
  largest	
  
commercial	
  fishery	
  in	
  Kenya,	
  has	
  been	
  degraded	
  by	
  environmental	
  deterioration	
  (water	
  hyacinth)	
  
resulting	
  in	
  increasing	
  harvest	
  of	
  smaller	
  foodfish	
  species.	
  Aquaculture	
  therefore	
  provides	
  the	
  best	
  
alternative	
  of	
  freshwater	
  food	
  fish	
  for	
  consumers	
  to	
  meet	
  protein	
  needs.	
  This	
  can	
  be	
  achieved	
  through	
  
investments	
  into	
  fish	
  farming	
  and	
  moving	
  from	
  subsistence	
  production	
  into	
  commercial	
  medium-­‐	
  to	
  
large-­‐scale	
  production.	
  However,	
  Kenyan	
  farmers	
  are	
  generally	
  poor	
  and	
  any	
  expansion	
  in	
  the	
  
aquaculture	
  industry	
  would	
  require	
  additional	
  capital	
  injection.	
  This	
  study	
  therefore	
  examined	
  farmers	
  
use	
  of	
  credit	
  in	
  aquaculture.	
  
	
  
Data	
  for	
  the	
  study	
  was	
  obtained	
  from	
  a	
  survey	
  of	
  farmers	
  in	
  Kenya	
  in	
  2005.	
  Fish	
  farmers	
  in	
  Western,	
  
Central,	
  Eastern	
  and	
  the	
  Rift	
  Valley	
  regions	
  were	
  surveyed.	
  The	
  study	
  solicited	
  demographic	
  information,	
  
general	
  farming	
  information	
  and	
  information	
  specific	
  to	
  fish	
  farming.	
  The	
  survey	
  results	
  showed	
  70%	
  of	
  
respondents	
  were	
  from	
  Western	
  Kenya.	
  Respondents	
  ranged	
  in	
  ages	
  from	
  30	
  to	
  76	
  years	
  and	
  had	
  
farming	
  experience	
  ranging	
  from	
  2	
  to	
  56	
  years.	
  The	
  average	
  size	
  of	
  pond	
  water	
  acres	
  was	
  604m2.	
  To	
  
examine	
  factors	
  affecting	
  the	
  use	
  of	
  credit	
  in	
  fish	
  farming,	
  we	
  used	
  a	
  Tobit	
  model	
  to	
  analyze	
  the	
  effects	
  
of	
  region,	
  age,	
  farming	
  experience,	
  education,	
  pond	
  acres,	
  fish	
  sales	
  and	
  source	
  of	
  aquaculture	
  
information	
  on	
  use	
  of	
  credit.	
  The	
  results	
  show	
  that	
  fish	
  farmers	
  in	
  Western	
  Kenya	
  were	
  likely	
  to	
  use	
  
credit	
  compared	
  to	
  farmers	
  from	
  other	
  regions.	
  High	
  farm	
  sales	
  of	
  tilapia	
  and	
  catfish	
  were	
  positive	
  and	
  
important	
  determinants	
  of	
  the	
  probability	
  of	
  using	
  credit	
  in	
  the	
  fish	
  farming	
  business.	
  Age,	
  farming	
  
experience,	
  and	
  education	
  had	
  no	
  significant	
  effect	
  on	
  the	
  probability	
  of	
  using	
  credit.	
  Results	
  also	
  
showed	
  that	
  farmers	
  who	
  utilized	
  only	
  one	
  source	
  of	
  information	
  on	
  fish	
  farming	
  were	
  less	
  likely	
  to	
  use	
  
credit.	
  Sources	
  of	
  fish	
  farming	
  information	
  available	
  to	
  respondents	
  were	
  government,	
  NGOs,	
  other	
  
farmers,	
  universities,	
  and	
  other	
  sources.	
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Aquaculture	
  in	
  open	
  water	
  systems,	
  such	
  as	
  in	
  irrigation	
  reservoirs,	
  is	
  a	
  relatively	
  new	
  development	
  in	
  
Southern	
  Africa.	
  In	
  most	
  irrigation	
  areas	
  in	
  South	
  Africa	
  there	
  are	
  opportunities	
  to	
  use	
  on-­‐farm	
  and	
  
distribution	
  systems	
  for	
  fish	
  production	
  in	
  floating	
  net	
  cage	
  systems.	
  The	
  primary	
  use	
  of	
  the	
  water	
  is	
  for	
  
irrigation	
  of	
  high	
  value	
  agricultural	
  crops	
  for	
  the	
  local	
  and	
  export	
  market.	
  A	
  small-­‐scale	
  fish	
  farming	
  
programme	
  focusing	
  on	
  the	
  production	
  of	
  fish	
  in	
  net	
  cages	
  in	
  irrigation	
  reservoirs	
  has	
  been	
  running	
  
successfully	
  for	
  the	
  last	
  decade.	
  Recent	
  results	
  have	
  actually	
  indicated	
  that	
  water	
  and	
  fish	
  quality	
  were	
  
compromised	
  through	
  incorrect	
  procedures	
  and	
  non-­‐compliance	
  with	
  proposed	
  good	
  management	
  
practices	
  as	
  taught	
  and	
  discussed	
  in	
  training	
  and	
  extension	
  programmes.	
  This	
  could	
  have	
  a	
  negative	
  
influence	
  on	
  the	
  ecological	
  integrity	
  of	
  the	
  reservoir	
  and	
  larger	
  watershed	
  as	
  well	
  as	
  the	
  sustainability	
  of	
  
production	
  output.	
  A	
  preliminary	
  investigation	
  has	
  revealed	
  that	
  site	
  selection	
  and	
  feed	
  management	
  
were	
  the	
  two	
  aspects	
  directly	
  associated	
  with	
  product	
  and	
  water	
  quality	
  maintenance.	
  Inadequate	
  
attention	
  to	
  these	
  aspects	
  not	
  only	
  has	
  caused	
  water	
  quality	
  deterioration	
  but	
  also	
  financial	
  losses	
  due	
  
to	
  inefficient	
  feed	
  utilisation.	
  Projects	
  were	
  farming	
  with	
  rainbow	
  trout	
  (Oncorhynchus	
  mykiss)	
  in	
  cages	
  
from	
  May	
  to	
  November.	
  The	
  objective	
  of	
  the	
  study	
  was	
  to	
  evaluate	
  to	
  what	
  extent	
  proposed	
  practices	
  
were	
  implemented.	
  General	
  perceptions	
  among	
  farmers	
  were	
  also	
  recorded	
  as	
  to	
  the	
  comprehension	
  of	
  
these	
  practices	
  and	
  the	
  reward	
  per	
  unit	
  effort	
  experienced.	
  
	
  
Research	
  sites	
  were	
  commissioned	
  at	
  the	
  farms	
  that	
  were	
  implemented	
  during	
  2006/7	
  and	
  only	
  those	
  
ones	
  farming	
  with	
  trout	
  were	
  evaluated.	
  Six	
  small-­‐scale	
  fish	
  farming	
  projects	
  were	
  frequently	
  visited.	
  All	
  
six	
  projects	
  are	
  situated	
  in	
  close	
  proximity	
  within	
  a	
  100	
  km	
  radius.	
  As	
  part	
  of	
  the	
  capacity	
  building	
  of	
  the	
  
farmers,	
  participants	
  have	
  attended	
  a	
  three-­‐day	
  training	
  programme,	
  complemented	
  by	
  follow	
  up	
  
training	
  conducted	
  on-­‐site	
  by	
  the	
  extension	
  officers	
  during	
  the	
  production	
  cycle.	
  The	
  programme	
  
manager	
  and	
  representatives	
  from	
  the	
  community	
  forum	
  conducted	
  the	
  site	
  selection.	
  Parameters	
  that	
  
were	
  discussed	
  as	
  to	
  their	
  nature	
  and	
  influence	
  were:	
  a)	
  physical	
  criteria	
  (i.e.	
  temperature	
  profile,	
  
turbidity,	
  replacing	
  tempo),	
  b)	
  chemical	
  criteria	
  (i.e.	
  dissolved	
  oxygen	
  levels,	
  ammonia,	
  pH)	
  as	
  well	
  as	
  c)	
  
historical	
  data	
  (age	
  of	
  reservoir,	
  fertilisation	
  and	
  spraying	
  regimes	
  and	
  plant	
  and	
  animal	
  establishment).	
  
The	
  forum	
  was	
  trained	
  on	
  the	
  interpretation	
  of	
  measurements	
  and	
  instrument	
  readings	
  and	
  to	
  
extrapolate	
  recorded	
  data	
  to	
  management.	
  Much	
  time	
  was	
  also	
  conveyed	
  to	
  feed	
  management	
  such	
  as	
  
feeding	
  programme,	
  methods	
  of	
  feeding,	
  storage	
  and	
  record	
  keeping.	
  Focus	
  group	
  discussions	
  were	
  
continually	
  held	
  throughout	
  the	
  production	
  season	
  and	
  the	
  progress	
  was	
  recorded.	
  
	
  
Recorded	
  data	
  was	
  banked	
  in	
  booklet	
  form	
  and	
  has	
  been	
  included	
  in	
  the	
  training	
  packages	
  for	
  
forthcoming	
  programmes.	
  An	
  expert	
  consultation	
  workshop	
  has	
  been	
  held	
  where	
  good	
  management	
  
practices	
  for	
  cage	
  culture	
  and	
  sediment	
  quality	
  were	
  discussed.	
  Further	
  dissemination	
  was	
  conducted	
  
via	
  seminars,	
  meetings,	
  and	
  newsletters	
  to	
  the	
  extension	
  officers,	
  processors	
  as	
  well	
  as	
  government	
  
officials.	
  Comments	
  and	
  suggestions	
  were	
  tabled	
  to	
  improve	
  future	
  implementation	
  and	
  compliance.	
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The	
  study	
  describes	
  the	
  application	
  of	
  the	
  universal	
  soil	
  loss	
  equation	
  (USLE)	
  model,	
  to	
  quantify	
  soil	
  
erosion	
  in	
  Nzoia	
  basin	
  located	
  entirely	
  on	
  the	
  Kenyan	
  side	
  of	
  Lake	
  Victoria	
  basin	
  using	
  the	
  geographic	
  
information	
  service,	
  remote	
  sensing,	
  and	
  global	
  positioning	
  service	
  technologies.	
  The	
  approach	
  adopted	
  
involved	
  calculation	
  of	
  six	
  universal	
  soil	
  loss	
  equation	
  factors	
  inform	
  of	
  distributed	
  remote	
  sensing	
  and	
  
geographic	
  information	
  service	
  data	
  using	
  arcGIS	
  /	
  arcMap	
  software.	
  The	
  USLE	
  is	
  comprised	
  of	
  six	
  
factors,	
  rainfall,	
  soils,	
  slope	
  length,	
  slope	
  steepness,	
  vegetal	
  cover	
  and	
  conservation	
  practice.	
  The	
  data	
  
included	
  spatial	
  raster	
  layers	
  of	
  soil,	
  land	
  cover,	
  rainfall	
  and	
  digital	
  elevation	
  models	
  ranging	
  from	
  30	
  m	
  
to	
  1000	
  m	
  spatial	
  resolutions	
  to	
  adequately	
  represent	
  the	
  surface	
  characteristics.	
  A	
  GIS	
  layer	
  was	
  
created	
  to	
  model	
  each	
  of	
  the	
  six	
  factors.	
  The	
  soil	
  erosion	
  distribution	
  map	
  was	
  generated	
  as	
  a	
  product	
  of	
  
the	
  six	
  raster	
  layers	
  using	
  the	
  spatial	
  analyst	
  tool	
  in	
  arcMap.	
  Even	
  with	
  continental	
  scale	
  spatial	
  
resolutions,	
  the	
  predicted	
  erosion	
  levels	
  had	
  the	
  same	
  order	
  of	
  magnitude	
  as	
  predictions	
  made	
  with	
  site	
  
specific	
  parameters	
  utilizing	
  Google	
  Earth	
  Pro.	
  For	
  a	
  site	
  at	
  Moores	
  bridge	
  along	
  the	
  Moiben	
  sub-­‐
watershed	
  the	
  predicted	
  erosion	
  levels	
  ranged	
  between	
  31	
  -­‐	
  51	
  tons/ha-­‐yr	
  compared	
  to	
  the	
  value	
  of	
  
97.2	
  tons/ha-­‐yr	
  obtained	
  using	
  USLE	
  and	
  Google	
  Earth	
  Pro.	
  To	
  improve	
  the	
  accuracy	
  levels,	
  use	
  of	
  recent	
  
land	
  cover	
  and	
  land	
  use	
  data	
  plus	
  use	
  of	
  smaller	
  variation	
  of	
  the	
  data	
  spatial	
  resolution	
  was	
  
recommended.	
  The	
  erosion	
  potential	
  for	
  the	
  Nzoia	
  basin	
  is	
  shown	
  in	
  Figure	
  1.	
  Erosion	
  analyses	
  enables	
  
one	
  to	
  rapidly	
  assess	
  the	
  threats	
  to	
  fisheries	
  from	
  agricultural	
  or	
  urban	
  development	
  activity	
  within	
  a	
  
basin.	
  The	
  effects	
  of	
  sewerage	
  on	
  receiving	
  waters	
  is	
  not	
  shown	
  in	
  this	
  analyses	
  but	
  could	
  be	
  inferred	
  
with	
  additional	
  analyses.	
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Two	
  common	
  introduced	
  weeds	
  of	
  the	
  rain	
  forest,	
  Tithonia	
  diversifolia	
  and	
  Chromolaena	
  odorata,	
  were	
  
evaluated	
  as	
  fish	
  pond	
  organic	
  fertilizers	
  in	
  Southern	
  Cameroon.	
  The	
  aim	
  of	
  the	
  study	
  was	
  to	
  determine	
  
their	
  effect	
  on	
  growth	
  and	
  survival	
  of	
  Nile	
  Tilapia	
  (Oreochromis	
  niloticus)	
  and	
  to	
  assess	
  the	
  systems	
  
financial	
  profitability.	
  Three	
  treatments,	
  Tithonia	
  diversifolia,	
  Chromolaena	
  odorata	
  and	
  a	
  mixture	
  at	
  
equal	
  proportion	
  of	
  these	
  two	
  weeds	
  were	
  applied	
  at	
  a	
  rate	
  of	
  2	
  kg	
  dry	
  matter/100	
  m2	
  pond/day,	
  in	
  four	
  
replicates.	
  Three	
  of	
  those	
  replicates	
  were	
  done	
  at	
  Melen	
  fish	
  farming	
  station	
  and	
  one	
  on-­‐farm	
  using	
  
established	
  protocols	
  for	
  farmer-­‐participatory	
  research	
  (Farmer	
  Scientist	
  Research	
  Partnership).	
  	
  
	
  
After	
  rearing	
  for	
  150	
  days	
  (May-­‐October	
  2003),	
  no	
  significant	
  differences	
  among	
  treatments	
  (p<0.05)	
  
were	
  observed	
  in	
  terms	
  of	
  survival	
  rate	
  (from	
  82.27to	
  91.17%),	
  average	
  weight	
  at	
  harvest	
  (from	
  86.87to	
  
101.26g),	
  daily	
  individual	
  growth	
  (from	
  0.5458to	
  0.6519g/day),	
  specific	
  growth	
  rate	
  (from	
  1.89	
  to	
  
1.99%/day)	
  and	
  production	
  (2.1261.711and	
  1.689t/ha/year	
  for	
  Tithonia	
  diversifolia,	
  the	
  mixture	
  of	
  the	
  
two	
  weeds	
  and	
  Chromolaena	
  odorata,	
  respectively).	
  	
  
	
  
Financial	
  analysis	
  showed	
  that,	
  Chromolaena	
  odorata,	
  which	
  generally	
  grows	
  close	
  by	
  the	
  fish	
  ponds,	
  
generates	
  an	
  income	
  of	
  2.73	
  USD/day,	
  which	
  is	
  greater	
  than	
  basic	
  minimum	
  salary	
  (BMS)	
  of	
  a	
  
Cameroonian	
  working	
  in	
  the	
  agricultural	
  sector	
  (2.5	
  USD/day).	
  However,	
  when	
  both	
  of	
  these	
  weeds	
  
grow	
  close	
  by	
  the	
  fish	
  ponds,	
  fertilizing	
  with	
  Tithonia	
  diversifolia	
  generates	
  an	
  income	
  of	
  4.22	
  USD/day,	
  
which	
  is	
  54.66%	
  more	
  than	
  that	
  generated	
  by	
  Chromolaena	
  odorata.	
  In	
  the	
  situation	
  where	
  Tithonia	
  
diversifolia	
  is	
  situated	
  at	
  350	
  m	
  from	
  the	
  fish	
  pond,	
  the	
  salary	
  generated	
  is	
  equal	
  to	
  the	
  BMS.	
  Above	
  this	
  
distance,	
  it	
  is	
  then	
  recommended	
  to	
  fertilize	
  the	
  ponds	
  with	
  Chromolaena	
  odorata.	
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The	
  Aquaculture	
  Collaborative	
  Research	
  Support	
  Program	
  recently	
  completed	
  a	
  sustained	
  series	
  of	
  
research,	
  training,	
  and	
  technical	
  assistance	
  events	
  and	
  activities	
  in	
  each	
  Central	
  American	
  nation	
  over	
  
the	
  past	
  two	
  decades.	
  First	
  focused	
  on	
  Honduras,	
  the	
  shrimp	
  industry,	
  and	
  water	
  quality	
  issues,	
  the	
  
project	
  shifted	
  its	
  scope	
  to	
  small	
  and	
  medium-­‐scale	
  tilapia	
  producers	
  and	
  the	
  governmental	
  and	
  
nongovernmental	
  organizations	
  that	
  provide	
  technical	
  and	
  material	
  support	
  to	
  the	
  industry.	
  Decision	
  
assistance	
  software	
  for	
  pond	
  design	
  and	
  construction	
  was	
  designed	
  and	
  disseminated.	
  Practical	
  research	
  
on	
  tilapia	
  production,	
  fingerling	
  production,	
  and	
  seed	
  stock	
  distribution	
  identified	
  the	
  need	
  for	
  
widespread	
  fingerling	
  production	
  across	
  the	
  industry	
  to	
  sustain	
  the	
  industry	
  among	
  small	
  and	
  medium-­‐
scale	
  producers.	
  The	
  Panamerican	
  Agricultural	
  School	
  (Zamorano)	
  became	
  the	
  center	
  for	
  research	
  and	
  
training	
  for	
  the	
  larger	
  project.	
  Research	
  findings	
  made	
  clear	
  that	
  Nile	
  tilapia	
  have	
  several	
  advantages	
  
over	
  red	
  tilapia	
  and	
  are	
  the	
  fish	
  of	
  choice	
  for	
  farmers	
  interested	
  in	
  beginning	
  the	
  commercial	
  production	
  
and	
  sale	
  of	
  fingerlings.	
  Taking	
  into	
  account	
  the	
  significantly	
  greater	
  numbers	
  of	
  Nile	
  fry	
  produced	
  both	
  in	
  
the	
  concrete	
  tanks	
  and	
  in	
  the	
  earthen	
  ponds	
  and	
  their	
  better	
  survival	
  rate	
  during	
  sex	
  reversal,	
  the	
  costs	
  
for	
  reproducing	
  the	
  Nile	
  fish	
  is	
  lower	
  than	
  for	
  the	
  red	
  tilapia.	
  Under	
  market	
  conditions	
  for	
  Zamorano,	
  the	
  
economic	
  benefits	
  are	
  much	
  higher	
  for	
  producing	
  and	
  distributing	
  Nile	
  fingerlings	
  compared	
  to	
  red	
  fish.	
  
Production	
  trials	
  and	
  economic	
  analyses	
  were	
  complemented	
  by	
  a	
  series	
  of	
  training	
  events	
  in	
  
Guatemala,	
  Salvador,	
  Dominican	
  Republic,	
  Nicaragua,	
  Mexico,	
  Panama,	
  Costa	
  Rica,	
  and	
  Belize	
  that	
  
presented	
  fundamental	
  principles	
  of	
  tilapia	
  reproduction,	
  grow-­‐out	
  production,	
  and	
  fish	
  handling	
  to	
  
over	
  50	
  producers	
  in	
  each	
  country.	
  An	
  intensives	
  session	
  on	
  pond	
  design	
  and	
  construction	
  analysis	
  was	
  
presented	
  to	
  interested	
  producers	
  in	
  each	
  locale.	
  The	
  two-­‐day	
  sessions	
  also	
  featured	
  dialogue	
  over	
  
production	
  problems,	
  management	
  practices,	
  and	
  other	
  practical	
  aspects	
  of	
  tilapia	
  culture	
  in	
  Central	
  
America.	
  The	
  presentation	
  reviews	
  the	
  impacts,	
  consequences,	
  and	
  prospects	
  for	
  the	
  local	
  and	
  domestic	
  
tilapia	
  industry	
  in	
  the	
  region.	
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A	
  market	
  study	
  for	
  oysters	
  grown	
  by	
  social	
  (cooperatives)	
  groups	
  of	
  farmers,	
  in	
  Santa	
  Maria	
  de	
  la	
  
Reforma	
  Bay,	
  Mwas	
  carried	
  out	
  as	
  part	
  of	
  a	
  multi-­‐component	
  effort	
  conducted	
  with	
  the	
  beneficiaries	
  in	
  
order	
  to	
  help	
  them	
  to	
  successfully	
  produce	
  and	
  commercialize	
  their	
  oyster	
  production.	
  This	
  study	
  
focused	
  on	
  information	
  from	
  the	
  demand	
  side	
  (including	
  consumer	
  preferences)	
  specifically	
  the	
  market	
  
segment	
  of	
  local	
  buyers,	
  since	
  this	
  is	
  considered	
  the	
  most	
  feasible	
  option	
  for	
  marketing	
  given	
  the	
  small-­‐
scale	
  nature	
  of	
  the	
  stakeholders	
  aquaculture	
  operations.	
  The	
  work	
  was	
  conducted	
  by	
  the	
  Research	
  
Center	
  for	
  Food	
  and	
  Development/Mazatlan	
  (CIAD),	
  Fishery	
  Industrial	
  Technology	
  Center/University	
  of	
  
Alaska	
  Fairbanks-­‐Kodiak,	
  Autonomous	
  University	
  of	
  Sinaloa	
  and	
  the	
  Pacific	
  Aquaculture	
  and	
  Coastal	
  
Resources	
  Center/University	
  of	
  Hawaii	
  Hilo,	
  sponsored	
  by	
  the	
  AquaFish	
  Collaborative	
  Research	
  and	
  
Support	
  Program	
  (CRSP)	
  of	
  Oregon	
  State	
  University	
  with	
  funding	
  from	
  the	
  United	
  States	
  Agency	
  for	
  
International	
  Development	
  (USAID).	
  
	
  
The	
  results	
  show	
  that	
  selling	
  directly	
  to	
  local	
  buyers	
  (restaurants	
  and	
  owners	
  of	
  mobile	
  point	
  of	
  sales)	
  is	
  
the	
  best	
  marketing	
  strategy	
  to	
  follow	
  for	
  the	
  stakeholders,	
  considering	
  their	
  current	
  low	
  production	
  
capacities.	
  Analysis	
  of	
  the	
  characteristics	
  of	
  this	
  local	
  market	
  revealed	
  preferences	
  for	
  the	
  local	
  regional	
  
oyster	
  (Crassostrea	
  cortesiensis),	
  and	
  a	
  market	
  window	
  for	
  product	
  with	
  consistent	
  year-­‐round	
  supply	
  
that	
  is	
  high-­‐quality	
  (larger	
  sizes),	
  and	
  safe.	
  The	
  stakeholders	
  are	
  advised	
  to	
  take	
  advantage	
  of	
  a	
  possible	
  
0.50-­‐1.00	
  peso	
  increase	
  in	
  price	
  per	
  piece	
  that	
  buyers	
  will	
  pay	
  when	
  these	
  desired	
  characteristics	
  are	
  
met.	
  Stakeholders	
  from	
  this	
  project	
  may	
  consider	
  taking	
  a	
  price	
  premium	
  offer	
  by	
  survey	
  respondents	
  
from	
  local	
  markets	
  by	
  delivering	
  a	
  high	
  quality,	
  larger	
  sized	
  oyster	
  with	
  safety	
  guarantees.	
  With	
  products	
  
that	
  include	
  the	
  said	
  characteristics,	
  a	
  long-­‐term	
  commercial	
  relationship	
  that	
  is	
  based	
  on	
  trust	
  and	
  
personal	
  communications	
  can	
  then	
  be	
  established	
  with	
  buyers.	
  	
  
	
  
The	
  timing	
  may	
  be	
  right	
  for	
  the	
  stakeholders	
  to	
  develop	
  markets	
  and	
  buyer-­‐seller	
  relationships	
  in	
  the	
  
markets	
  surveyed	
  based	
  on	
  the	
  results	
  of	
  the	
  one-­‐on-­‐one	
  interviews,	
  which	
  guarantees	
  the	
  price	
  
premium	
  offered	
  by	
  the	
  buyers.	
  In	
  a	
  few	
  years,	
  there	
  will	
  be	
  more	
  products	
  in	
  the	
  market,	
  and	
  the	
  price	
  
elasticity	
  of	
  demand	
  may	
  turn	
  negative.	
  Finally,	
  wholesale	
  markets	
  are	
  not	
  recommended	
  to	
  the	
  
stakeholders,	
  since	
  the	
  local	
  market	
  is	
  significant	
  enough	
  to	
  absorb	
  current	
  production,	
  but	
  also	
  due	
  to	
  a	
  
reduced	
  margin	
  profit	
  in	
  La	
  Viga	
  and	
  Zapopan	
  wholesale	
  markets.	
  The	
  stakeholders	
  would	
  find	
  it	
  very	
  
difficult	
  to	
  sustain	
  a	
  high-­‐volume	
  supply	
  of	
  oyster,	
  which	
  is	
  what	
  these	
  markets	
  demand.	
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The	
  process	
  of	
  biofilm	
  start-­‐up	
  was	
  studied	
  in	
  aquarium	
  recycling	
  system.	
  Five	
  kinds	
  of	
  filter	
  media	
  were	
  
used	
  to	
  establish	
  stable	
  bio-­‐filters	
  which	
  were	
  bio-­‐fiber	
  fill,	
  netlike	
  plastic	
  fill,	
  plastic	
  ball,	
  coral	
  sand	
  and	
  
porcelain	
  ring	
  respectively.	
  Waste	
  water	
  from	
  brocaded	
  carp	
  (Cyprinus	
  carprio)	
  culturing	
  ponds	
  was	
  
used	
  to	
  stimulate	
  the	
  formation	
  of	
  biofilm.	
  The	
  experiments	
  were	
  carried	
  out	
  under	
  30for	
  22	
  days.	
  
	
  
Concentrations	
  of	
  TAN,	
  NO2-­‐N	
  and	
  NO3-­‐N	
  in	
  the	
  biofilter	
  with	
  coral	
  sand	
  media	
  changed	
  regularly	
  
(Fig.1).	
  Nitrite	
  increased	
  corresponding	
  to	
  the	
  rapidly	
  decreasing	
  of	
  TAN	
  during	
  the	
  first	
  phase	
  of	
  start-­‐
up	
  and	
  kept	
  growing	
  up	
  for	
  6	
  days	
  after	
  TAN	
  had	
  reached	
  a	
  steadily	
  low	
  level.	
  While	
  nitrate	
  increased	
  
during	
  all	
  the	
  experimental	
  period.	
  Same	
  situation	
  happened	
  in	
  biofilters	
  with	
  the	
  other	
  four	
  media	
  
while	
  the	
  days	
  needed	
  to	
  reach	
  the	
  turning	
  points	
  of	
  NO2-­‐N	
  were	
  different	
  (Fig.2).	
  	
  
	
  
During	
  the	
  start-­‐up	
  period,	
  coral	
  sand	
  media	
  showed	
  the	
  best	
  efficiency	
  of	
  turning	
  TAN	
  to	
  NO2-­‐N	
  and	
  
then	
  NO3-­‐N.	
  NO2-­‐N	
  was	
  less	
  than	
  1.0	
  mg/L	
  after	
  12	
  days.	
  Netlike	
  plastic	
  fill	
  and	
  porcelain	
  ring	
  were	
  the	
  
worst.	
  The	
  intervenient	
  were	
  plastic	
  ball	
  and	
  bio-­‐fibre	
  fill.	
  	
  
	
  
Other	
  water	
  quality	
  parameters	
  were	
  analyzed	
  and	
  the	
  results	
  were	
  as	
  follows:	
  pH	
  and	
  Total	
  alkalinity	
  
decreased	
  rapidly	
  during	
  first	
  several	
  days	
  and	
  then	
  increased	
  slowly	
  to	
  stable	
  values.	
  The	
  biofilter	
  with	
  
coral	
  sand	
  media	
  had	
  higher	
  pH	
  and	
  alkalinity	
  than	
  others.	
  Hardness	
  in	
  five	
  filters	
  nearly	
  doubled	
  after	
  
22	
  days	
  experiment.	
  Hardness	
  in	
  filters	
  with	
  coral	
  sand,	
  bio-­‐fibre	
  fill	
  and	
  porcelain	
  ring	
  were	
  higher	
  than	
  
the	
  other	
  two.	
  Phosphate-­‐P	
  was	
  consumed	
  in	
  the	
  course	
  of	
  nitrification.	
  Biofilters	
  with	
  coral	
  sand	
  and	
  
porcelain	
  ring	
  had	
  less	
  phosphate-­‐P	
  than	
  others.	
  Different	
  ability	
  of	
  COD	
  Removal	
  was	
  approved	
  in	
  5	
  
biofilters.	
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Microcystins	
  (MCs)	
  are	
  cyanobacterial	
  (blue-­‐green	
  algal)	
  metabolites	
  found	
  world-­‐wide	
  in	
  freshwater,	
  
brackish	
  and	
  marine	
  environments,	
  and	
  are	
  produced	
  by	
  toxic	
  cyanobacterial	
  blooms.	
  Microcystins	
  are	
  
considered	
  to	
  be	
  the	
  most	
  common	
  and	
  dangerous	
  group	
  of	
  cyanotoxins.	
  The	
  occurrence	
  of	
  toxic	
  
cyanobacterial	
  blooms	
  producing	
  microcystins	
  in	
  aquaculture	
  ponds	
  could	
  represent	
  a	
  risk	
  to	
  the	
  quality	
  
of	
  fish	
  flesh	
  to	
  consumers.	
  The	
  eutrophication	
  of	
  water	
  ecosystems	
  normally	
  results	
  in	
  frequent	
  
cyanobacterial	
  algal	
  blooms	
  producing	
  microcystins,	
  and	
  as	
  a	
  result	
  aquatic	
  crops	
  from	
  these	
  systems	
  
may	
  be	
  contaminated	
  by	
  microcystins	
  and	
  potentially	
  hazardous	
  to	
  human	
  health.	
  
	
  
This	
  paper	
  reviewed	
  potential	
  hazards	
  of	
  MC-­‐producing	
  blooms	
  in	
  a	
  variety	
  of	
  aquaculture	
  systems	
  
including	
  ponds	
  and	
  lakes	
  as	
  well	
  as	
  the	
  ways	
  of	
  detecting	
  MCs	
  in	
  fishes.	
  In	
  recent	
  years,	
  appearance	
  of	
  
complete	
  antigen	
  of	
  MCs	
  and	
  toxin	
  standards	
  together	
  with	
  a	
  series	
  of	
  detecting	
  techniques	
  such	
  as	
  
HPLC,	
  ELISA,	
  LC/MS	
  and	
  the	
  protein	
  phosphatase	
  assay	
  have	
  made	
  the	
  detection	
  and	
  quantification	
  of	
  
total	
  and	
  individual	
  toxins	
  possible.	
  Removal	
  methods	
  and	
  depuration	
  strategies	
  of	
  MCs	
  from	
  
aquaculture	
  systems	
  were	
  also	
  discussed	
  in	
  this	
  paper.	
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Use	
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  sex	
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An	
  important	
  criticism	
  of	
  modern	
  tilapia	
  production	
  technology	
  is	
  the	
  use	
  of	
  a	
  synthetic	
  hormone	
  in	
  the	
  
sex	
  reversal	
  procedure.	
  We	
  tested	
  fresh	
  ground	
  bull	
  and	
  hog	
  testis	
  as	
  natural	
  sources	
  of	
  testosterone	
  in	
  
the	
  sex	
  reversal	
  of	
  Nile	
  tilapia	
  fry.	
  
	
  
Fresh	
  testis	
  were	
  manually	
  cut	
  into	
  small	
  pieces	
  and	
  then	
  minced	
  in	
  an	
  electric	
  meat	
  grinder.	
  Eggs	
  were	
  
removed	
  from	
  the	
  mouth	
  cavities	
  of	
  females	
  and	
  artificially	
  incubated.	
  Nile	
  tilapia	
  fry	
  of	
  approximately	
  
8-­‐10	
  mm	
  total	
  length	
  were	
  stocked	
  50	
  in	
  each	
  of	
  twelve	
  20	
  L	
  plastic	
  buckets	
  placed	
  inside	
  of	
  our	
  wet	
  lab.	
  
The	
  water	
  in	
  each	
  bucket	
  was	
  continuously	
  aerated	
  with	
  a	
  10	
  cm	
  long	
  silica	
  diffuser	
  connected	
  to	
  a	
  2.5	
  
HP	
  blower	
  and	
  was	
  exchanged	
  (100%)	
  every	
  third	
  day.	
  The	
  experiment	
  consisted	
  of	
  three	
  treatments	
  
(bull	
  testis,	
  hog	
  testis	
  and	
  meat	
  meal	
  =	
  control)	
  with	
  four	
  replicates	
  each	
  (buckets).	
  Any	
  dead	
  fry	
  were	
  
removed	
  daily.	
  After	
  35	
  days	
  of	
  feeding	
  with	
  the	
  testis,	
  all	
  fry	
  were	
  placed	
  in	
  cages	
  made	
  of	
  3	
  mm	
  mesh	
  
plastic	
  netting	
  and	
  fed	
  a	
  32%	
  CP	
  tilapia	
  diet	
  for	
  36	
  days.	
  The	
  cages	
  were	
  placed	
  in	
  a	
  tank	
  with	
  green	
  
water	
  inside	
  a	
  greenhouse.	
  All	
  fish	
  were	
  then	
  sacrificed	
  and	
  dissected	
  for	
  microscopic	
  examination	
  of	
  
their	
  gonads.	
  
	
  
Laboratory	
  analysis	
  showed	
  a	
  concentration	
  of	
  18.8	
  and	
  20.4	
  ppm	
  of	
  testosterone	
  in	
  fresh	
  bull	
  and	
  hog	
  
testis,	
  respectively.	
  Overall	
  survival	
  of	
  fry	
  was	
  low	
  (40%)	
  during	
  the	
  35-­‐day	
  treatment	
  period.	
  Fish	
  
survival	
  was	
  >	
  90%	
  during	
  the	
  growth	
  phase.	
  The	
  treatment	
  with	
  bull	
  and	
  ram	
  testis	
  resulted	
  in	
  87	
  and	
  
83%	
  male	
  fish,	
  respectively,	
  significantly	
  greater	
  than	
  the	
  58%	
  of	
  males	
  in	
  the	
  control	
  group.	
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Effects	
  of	
  stocking	
  density	
  to	
  growth	
  and	
  survival	
  rate	
  of	
  giant	
  snakehead	
  (Channa	
  micropeltes)	
  larvae	
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Giant	
  snakehead	
  (Channa	
  micropeltes)	
  has	
  been	
  cultured	
  commonly	
  in	
  the	
  Mekong	
  delta.	
  This	
  species	
  is	
  
carnivorous	
  fish	
  so	
  the	
  cannibalism	
  is	
  very	
  high.	
  During	
  larval	
  stage,	
  the	
  bigger	
  size	
  always	
  bite	
  and	
  eat	
  
small	
  size.	
  These	
  research	
  focus	
  on	
  the	
  effects	
  of	
  the	
  density	
  to	
  growth	
  and	
  survival	
  rate	
  of	
  the	
  fry.	
  In	
  
the	
  first	
  30	
  days,	
  the	
  weight	
  and	
  survival	
  rate	
  of	
  fish	
  in	
  concrete	
  tanks	
  at	
  the	
  stocking	
  densities	
  of	
  600,	
  
900	
  and	
  1200	
  larval/m2	
  were	
  not	
  differed	
  significantly	
  at	
  p>0,05.	
  Similarly,	
  the	
  same	
  stocking	
  densities	
  
in	
  hapa	
  did	
  not	
  give	
  significantly	
  differences	
  at	
  p>0,05.	
  From	
  31-­‐60	
  days,	
  the	
  weight	
  and	
  survival	
  rate	
  of	
  
fish	
  rearing	
  at	
  600,	
  900	
  and	
  1200	
  larval/m2	
  in	
  concrete	
  tanks	
  were	
  not	
  significant	
  different	
  at	
  p>0,05.	
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The	
  morphology,	
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  fulvidraco	
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Pelteobagrus	
  fulvidraco	
  is	
  an	
  important	
  small	
  freshwater	
  commercial	
  fish	
  in	
  China.	
  It	
  has	
  a	
  promising	
  
market	
  potential	
  in	
  Japan,	
  South	
  Korea,	
  East	
  and	
  South	
  Asia.	
  Due	
  to	
  its	
  high	
  market	
  value,	
  the	
  demand	
  
of	
  this	
  species	
  has	
  increased	
  rapidly	
  in	
  recent	
  years.	
  However,	
  at	
  present	
  no	
  reports	
  can	
  be	
  found	
  in	
  the	
  
literature	
  on	
  the	
  structure	
  and	
  histochemistry	
  of	
  the	
  digestive	
  tract	
  in	
  P.	
  fulvidraco.	
  Therefore,	
  the	
  
purpose	
  of	
  our	
  study	
  is	
  to	
  establish	
  the	
  normal	
  morphological	
  and	
  histological	
  structures	
  of	
  digestive	
  
tract	
  in	
  P.	
  fulvidraco	
  and	
  to	
  identify	
  the	
  general	
  types	
  and	
  distribution	
  of	
  mucous	
  cells	
  in	
  the	
  digestive	
  
tract.	
  The	
  information	
  gathered	
  can	
  offer	
  baseline	
  knowledge	
  for	
  future	
  studies	
  on	
  the	
  digestive	
  tract	
  
in	
  P.	
  fulvidraco,	
  as	
  well	
  as	
  conduce	
  to	
  better	
  understanding	
  of	
  nutritional	
  physiology	
  and	
  disease	
  
prevention.	
  
	
  
The	
  alimentary	
  tract	
  was	
  composed	
  of	
  an	
  oral	
  cavity,	
  pharynx,	
  esophagus,	
  U-­‐shaped	
  stomach	
  (including	
  
a	
  cardiac,	
  fundic	
  and	
  pyloric	
  portion)	
  and	
  intestine	
  (with	
  a	
  fore,	
  middle	
  and	
  posterior	
  intestine).	
  The	
  
estimated	
  mean	
  intestinal	
  coefficient	
  of	
  P.	
  fulvidraco	
  was	
  0.64	
  0.02.	
  Histologically,	
  the	
  wall	
  of	
  the	
  
digestive	
  tract	
  was	
  composed	
  of	
  a	
  mucosa,	
  submucosa,	
  muscularis	
  and	
  serosa.	
  The	
  epithelial	
  lining	
  of	
  
the	
  pharynx	
  and	
  esophagus	
  was	
  of	
  the	
  stratified	
  type,	
  whereas	
  that	
  of	
  the	
  stomach	
  and	
  intestine	
  was	
  
simple	
  columnar.	
  Two	
  types	
  of	
  goblet	
  cells	
  were	
  observed	
  along	
  the	
  alimentary	
  canal,	
  except	
  in	
  the	
  
stomach.	
  A	
  plenty	
  of	
  gastric	
  glands	
  was	
  present	
  in	
  the	
  cardiac	
  and	
  fundic	
  stomach.	
  In	
  the	
  intestine,	
  the	
  
number	
  of	
  mucosal	
  folds	
  where	
  well-­‐developed	
  microvilli	
  were	
  observed	
  decreased	
  from	
  foreintestine	
  
to	
  posterior	
  intestine.	
  The	
  mucous	
  cells	
  were	
  distributed	
  in	
  whole	
  digestive	
  tract,	
  and	
  mostly	
  existed	
  in	
  
epidermis.	
  The	
  majority	
  of	
  the	
  epithelial	
  mucous	
  cells	
  contained	
  neutral	
  mucins	
  although	
  there	
  were	
  
small	
  amounts	
  of	
  two	
  mixtures	
  of	
  acid	
  and	
  neutral	
  mucins.	
  The	
  statistic	
  results	
  showed	
  that	
  the	
  mucous	
  
cells	
  had	
  different	
  densities	
  in	
  different	
  parts	
  of	
  the	
  digestive	
  tract.	
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Fig	
  a.	
  Schematic	
  drawing	
  of	
  the	
  structure	
  of	
  the	
  digestive	
  tract	
  in	
  P.	
  fulvidraco;	
  Fig	
  b.	
  Oesophagus.	
  HE.	
  
×400;	
  Fig	
  c.	
  Cardiac	
  stomach.	
  HE.	
  ×400;	
  Fig	
  d.	
  Foreintestine.	
  HE.	
  ×40;	
  Fig	
  e.	
  Middle	
  intestine.	
  HE.	
  ×400;	
  

Fig	
  f.	
  Oral	
  cavity.	
  AB	
  (pH1.0).	
  ×100;	
  Fig	
  g.	
  Oesophagus.	
  AB-­‐PAS	
  (AB	
  pH2.5).	
  ×400;	
  Fig	
  h.	
  Foreintestine.	
  AB-­‐
PAS	
  (AB	
  pH2.5).	
  ×400.	
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The	
  effectiveness	
  of	
  co-­‐feeding	
  with	
  live	
  and	
  microparticle	
  diets	
  on	
  weaning	
  performance	
  of	
  Misgurnus	
  
anguillicaudatus	
  was	
  described.	
  Dry	
  weight,	
  total	
  length,	
  length	
  and	
  weight-­‐specific	
  growth	
  rate	
  (SGR)	
  
and	
  survivals	
  were	
  monitored	
  from	
  the	
  4	
  day	
  post-­‐hatching	
  (dph)	
  to	
  60	
  dph	
  in	
  following	
  diet	
  regimes:	
  
microparticle	
  diets	
  (A),	
  live	
  daphnia	
  (B),	
  enriched	
  daphnia	
  (C),	
  half	
  microparticle	
  diets	
  plus	
  half	
  live	
  
daphnia	
  (D)	
  and	
  half	
  microparticle	
  diets	
  plus	
  half	
  enriched	
  daphnia	
  (E).	
  The	
  highest	
  survival	
  achieved	
  on	
  
60	
  dph	
  was	
  in	
  treatment	
  E	
  (67.15%	
  4.2%).	
  The	
  SGR	
  (W	
  and	
  L)	
  of	
  fish	
  in	
  treatment	
  B	
  and	
  C	
  were	
  similar	
  
but	
  lower	
  than	
  in	
  treatment	
  A,	
  D	
  and	
  E	
  respectively.	
  However,	
  dry	
  weight	
  (mg)	
  and	
  total	
  length	
  (mm)	
  in	
  
treatment	
  A	
  were	
  significantly	
  lower	
  than	
  in	
  treatment	
  D	
  and	
  E.	
  It	
  is	
  suggested	
  that	
  weaning	
  of	
  loach	
  
from	
  early	
  development	
  would	
  appear	
  to	
  be	
  feasible	
  by	
  co-­‐feeding	
  and	
  that	
  larval	
  co-­‐feeding	
  improves	
  
the	
  growth	
  and	
  the	
  survival.	
  	
  
	
  
Loach	
  (Misgurnus	
  anguillicaudatus)	
  is	
  an	
  autochthonous	
  fish	
  of	
  Asia,	
  there	
  is	
  a	
  need	
  for	
  higher	
  
production	
  of	
  it,	
  especially	
  in	
  Japan	
  and	
  Korea.	
  Expanded	
  and	
  consistent	
  requirement	
  of	
  loach	
  
production	
  will	
  therefore	
  ultimately	
  require	
  development	
  of	
  all	
  kinds	
  of	
  culture	
  systems.	
  The	
  important	
  
aspect	
  of	
  loach	
  culture	
  is	
  larval	
  rearing.	
  Appropriate	
  first	
  feeding	
  diet	
  is	
  the	
  major	
  problem	
  for	
  successful	
  
larval	
  loach	
  rearing.	
  This	
  study	
  aims	
  to	
  evaluate	
  the	
  effects	
  of	
  different	
  treatments	
  using	
  live	
  
and	
  microparticle	
  diets	
  on	
  the	
  growth,	
  survival	
  and	
  weaning	
  of	
  M.	
  anguillicaudatus	
  during	
  the	
  early	
  
phase	
  of	
  larval	
  culture.	
  The	
  information	
  is	
  needed	
  to	
  determine	
  the	
  influence	
  of	
  larval	
  co-­‐feeding	
  on	
  
weaning	
  of	
  M.	
  anguillicaudatus.	
  	
  
	
  
Five	
  different	
  feeding	
  regimes	
  were	
  supplied	
  from	
  4	
  to	
  30	
  dph.	
  Weaning	
  commenced	
  on	
  day	
  31	
  and	
  
during	
  the	
  first	
  7	
  days	
  both	
  live	
  and	
  inert	
  feeds	
  were	
  fed.	
  The	
  transition	
  from	
  initial	
  regime	
  to	
  only	
  dry	
  
feed	
  was	
  performed	
  progressively,	
  with	
  a	
  12.5%	
  decrease	
  of	
  the	
  daphnia	
  rations	
  per	
  day.	
  From	
  day	
  38	
  
onwards,	
  in	
  all	
  treatments,	
  only	
  dry	
  feed	
  were	
  supplied.	
  Samplings	
  were	
  performed	
  at	
  day	
  4,	
  12,	
  20	
  and	
  
then	
  every	
  10	
  days.	
  The	
  individual	
  dry	
  weight	
  and	
  total	
  length	
  were	
  calculated	
  
.	
  
The	
  results	
  indicate	
  that	
  larvae	
  of	
  M.	
  anguillicaudatus	
  had	
  capacity	
  to	
  complete	
  metamorphosis	
  when	
  
fed	
  live	
  and	
  dry	
  feed	
  (co-­‐feeding),	
  achieving	
  better	
  growth	
  and	
  survival	
  than	
  larvae	
  fed	
  live	
  feed	
  or	
  dry	
  
diets	
  alone	
  (Table	
  1).	
  That	
  reduces	
  the	
  dependence	
  on	
  live	
  foods,	
  makes	
  weaning	
  easy	
  and	
  would	
  mean	
  
a	
  hatchery	
  cost	
  reduction	
  in	
  total	
  live	
  feeds	
  requirement	
  and	
  tank	
  facilities	
  as	
  well	
  as	
  help	
  advance	
  the	
  
commercial	
  aquaculture	
  of	
  this	
  species.	
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Table	
  1	
  Specific	
  growth	
  rate	
  (SGR,	
  %),	
  Total	
  length	
  (TL,	
  mm),	
  dry	
  weight	
  (DW,	
  mg)	
  and	
  survival	
  rate	
  (SR,	
  
%)	
  of	
  different	
  treatments	
  from	
  4	
  to	
  60	
  dph	
  (different	
  superscript	
  letters	
  within	
  a	
  column	
  indicate	
  

significant	
  differences	
  at	
  p	
  <	
  0.05)	
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Phytate	
  is	
  the	
  main	
  storage	
  form	
  of	
  phosphorus	
  (P)	
  in	
  many	
  plants,	
  but	
  phytate-­‐bound	
  P	
  is	
  not	
  available	
  
to	
  monogastric	
  or	
  agastric	
  fish	
  animals.	
  Phytase,	
  an	
  enzyme	
  specific	
  to	
  hydrolyze	
  indigestible	
  phytate,	
  
has	
  been	
  increasingly	
  used	
  in	
  fish	
  feed	
  during	
  the	
  past	
  two	
  decades,	
  mainly	
  in	
  response	
  to	
  heightened	
  
concerns	
  over	
  P	
  pollution	
  to	
  the	
  aquatic	
  environment.	
  Since	
  global	
  phosphate	
  reserves	
  are	
  not	
  
renewable,	
  phytate-­‐P	
  as	
  an	
  alternative	
  and	
  economical	
  P	
  source	
  can	
  be	
  effectively	
  converted	
  to	
  
available-­‐P	
  by	
  phytase.	
  The	
  capability	
  of	
  this	
  enzyme	
  to	
  enhance	
  bioavailability	
  of	
  P	
  and	
  reduce	
  P	
  load	
  is	
  
well	
  documented.	
  Phytase	
  supplementation	
  also	
  leads	
  to	
  improved	
  availability	
  of	
  other	
  minerals	
  and	
  
trace	
  elements.	
  Nevertheless,	
  there	
  is	
  still	
  no	
  consistent	
  conclusion	
  that	
  phytase	
  could	
  enhance	
  protein	
  
and	
  energy	
  utilization.	
  Studies	
  in	
  amino	
  acid	
  digestibility	
  after	
  phytase	
  supplement	
  are	
  mutative	
  and	
  the	
  
underlying	
  mechanisms	
  have	
  not	
  been	
  fully	
  understood.	
  Because	
  phytase	
  is	
  very	
  sensitive	
  to	
  pH	
  and	
  
temperature,	
  the	
  utilization	
  of	
  phytase	
  in	
  fish	
  feed	
  is	
  still	
  on	
  its	
  first	
  stage	
  compared	
  with	
  that	
  of	
  in	
  
poultry	
  and	
  swine	
  feed.	
  A	
  wide	
  variety	
  of	
  phytases	
  were	
  discovered	
  and	
  characterized	
  in	
  order	
  to	
  find	
  
the	
  optimum	
  enzyme	
  which	
  is	
  stable	
  in	
  application,	
  resistant	
  against	
  high	
  temperatures,	
  dust-­‐free,	
  and	
  
easy	
  to	
  handle.	
  Initial	
  steps	
  to	
  produce	
  phytase	
  in	
  transgenic	
  plants	
  and	
  fish	
  animals	
  are	
  also	
  
undertaken.	
  In	
  this	
  review,	
  the	
  authors	
  focus	
  on	
  comparing	
  properties	
  of	
  phytase	
  from	
  different	
  
sources,	
  examining	
  the	
  effects	
  of	
  phytase	
  on	
  P	
  utilization	
  and	
  aquatic	
  environment	
  pollution,	
  meanwhile	
  
providing	
  commercial	
  potentiality	
  and	
  impact	
  factors	
  of	
  phytase	
  utilization	
  in	
  fish	
  feed.	
  
	
  

	
  
	
  

TABLE	
  1.	
  Commercial	
  production	
  information	
  of	
  microbial	
  phytases	
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An	
  experiment	
  was	
  conducted	
  in	
  21	
  cement	
  tanks	
  (2	
  x	
  2.5	
  x	
  1	
  m)	
  at	
  the	
  Asian	
  Institute	
  of	
  Technology,	
  
Thailand,	
  from	
  8	
  December	
  2005	
  to	
  3	
  March	
  2006,	
  to	
  determine	
  the	
  optimal	
  stocking	
  density	
  and	
  size	
  of	
  
red	
  tilapia	
  (Oreochromis	
  spp.)	
  polycultured	
  intensively	
  with	
  white	
  shrimp	
  (Litopenaeus	
  vannamei).	
  
Shrimp	
  postlarvae	
  of	
  0.06	
  g	
  were	
  stocked	
  into	
  the	
  tanks	
  at	
  the	
  density	
  of	
  70	
  postlarvae	
  m-­‐1.	
  Red	
  tilapia	
  
fingerlings	
  of	
  either	
  small	
  (g)	
  or	
  large	
  (g)	
  size	
  were	
  stocked	
  into	
  the	
  shrimp	
  tanks	
  half	
  month	
  later	
  at	
  the	
  
density	
  of	
  0.4,	
  0.8,	
  or	
  1.2	
  fish	
  m-­‐2.	
  The	
  experiment	
  followed	
  a	
  2	
  (sizes)	
  x	
  3	
  (densities)	
  factorial	
  design,	
  
and	
  all	
  treatment	
  combinations	
  were	
  randomly	
  allocated	
  to	
  the	
  tanks	
  in	
  triplicate	
  with	
  three	
  shrimp	
  
monoculture	
  tanks	
  as	
  the	
  control.	
  Shrimp	
  were	
  fed	
  three	
  times	
  a	
  day	
  with	
  commercial	
  pellets	
  at	
  the	
  
same	
  feeding	
  rate	
  as	
  the	
  control.	
  There	
  was	
  no	
  water	
  exchange	
  throughout	
  the	
  experimental	
  period.	
  
	
  
Mean	
  survival	
  rate	
  of	
  shrimp,	
  ranging	
  from	
  49.56%	
  to	
  66.78%,	
  was	
  highest	
  in	
  the	
  tanks	
  with	
  2	
  small	
  fish	
  
and	
  lowest	
  in	
  the	
  tanks	
  with	
  6	
  large	
  fish	
  (P<0.05).	
  There	
  seemed	
  to	
  be	
  a	
  tendency	
  that	
  with	
  the	
  increase	
  
of	
  either	
  stocking	
  size	
  or	
  stocking	
  density	
  of	
  tilapia,	
  shrimp	
  survival	
  was	
  negatively	
  affected.	
  However,	
  
compared	
  with	
  the	
  control,	
  all	
  treatments	
  had	
  higher	
  shrimp	
  survival	
  rates	
  except	
  the	
  treatment	
  with	
  6	
  
large	
  fish.	
  Shrimp	
  grew	
  to	
  6.71	
  -­‐	
  9.39	
  g	
  in	
  84	
  days.	
  The	
  control	
  tanks	
  had	
  the	
  faster	
  growth	
  than	
  the	
  
treatments	
  with	
  2	
  large	
  fish,	
  4	
  large	
  fish,	
  6	
  small	
  fish	
  or	
  6	
  large	
  fish	
  (P<0.05),	
  but	
  not	
  significantly	
  
different	
  from	
  those	
  in	
  the	
  treatments	
  with	
  2	
  or	
  4	
  small	
  fish.	
  The	
  highest	
  yield	
  of	
  shrimp	
  was	
  obtained	
  
from	
  the	
  treatments	
  with	
  2	
  small	
  fish,	
  followed	
  by	
  the	
  control,	
  which	
  were	
  significantly	
  higher	
  than	
  
those	
  in	
  other	
  treatments	
  (P<0.05).	
  The	
  treatments	
  with	
  2	
  small	
  fish	
  had	
  a	
  similar	
  FCR	
  to	
  that	
  of	
  the	
  
control	
  but	
  significantly	
  better	
  than	
  that	
  in	
  the	
  treatments	
  with	
  larger	
  fish	
  or	
  with	
  fish	
  at	
  higher	
  stocking	
  
densities	
  (P<0.05).	
  Water	
  quality	
  analyses	
  revealed	
  significant	
  increase	
  of	
  nutrient	
  recover	
  with	
  the	
  
increase	
  of	
  tilapia	
  stocking	
  size	
  and	
  density.	
  The	
  results	
  also	
  showed	
  that	
  the	
  treatments	
  with	
  2	
  small	
  
fish	
  had	
  better	
  economic	
  performance	
  than	
  the	
  control	
  and	
  other	
  treatments.	
  
	
  
The	
  experiment	
  concluded	
  that	
  stocking	
  tilapia	
  into	
  shrimp	
  monoculture	
  improved	
  water	
  quality	
  and	
  
nutrient	
  utilization,	
  and	
  possibly	
  the	
  overall	
  system	
  production	
  performances.	
  However	
  stocking	
  large	
  
fish	
  with	
  high	
  stocking	
  density	
  in	
  early	
  growth	
  period	
  of	
  shrimp	
  might	
  negatively	
  affect	
  shrimp	
  survival	
  
and	
  growth.	
  The	
  experiment	
  showed	
  that	
  a	
  tilapia	
  stocking	
  density	
  about	
  0.4	
  fish	
  m2	
  at	
  the	
  size	
  about	
  
12	
  -­‐	
  13	
  g	
  might	
  be	
  suitable	
  for	
  such	
  a	
  polyculture	
  system	
  to	
  ensure	
  a	
  superiority	
  to	
  shrimp	
  monoculture	
  
in	
  terms	
  of	
  economic	
  performances	
  and	
  environmental	
  concerns.	
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Phylogenetics	
  and	
  population	
  pattern	
  of	
  Elopichthys	
  bambusa	
  (Richardson,	
  1845)	
  from	
  the	
  middle	
  
reaches	
  of	
  Yangtze	
  River	
  as	
  inferred	
  from	
  Cytochrome	
  b	
  sequences	
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The	
  phylogenetic	
  configuration	
  and	
  population	
  structure	
  of	
  cyprinid	
  Elopichthys	
  bambusa	
  from	
  the	
  
middle	
  reaches	
  of	
  the	
  Yangtze	
  River	
  were	
  examined.	
  In	
  order	
  to	
  accomplish	
  the	
  project,	
  complete	
  
mitochondrial	
  Cytochrome	
  b	
  (Cyt	
  b)	
  genes	
  were	
  sequenced.	
  Total	
  20	
  sequences	
  were	
  employed	
  to	
  
represent	
  five	
  different	
  hydrographic	
  localities	
  for	
  the	
  analyses	
  of	
  phylogenetic	
  relationship	
  and	
  genetic	
  
population	
  patterns.	
  The	
  combined	
  analyses	
  revealed	
  significantly	
  low	
  nucleotide	
  divergence	
  (0.00085)	
  
for	
  Tajima	
  and	
  Nei	
  substitution.	
  Overall,	
  there	
  were	
  5	
  haplotypes	
  (I-­‐V)	
  found	
  with	
  a	
  low	
  to	
  moderate	
  
haplotype	
  diversity	
  (0.60).	
  The	
  phylogenetic	
  tree	
  constructed	
  by	
  the	
  Neighbor	
  Joining	
  depicted	
  neither	
  
distinct	
  genealogical	
  branches	
  nor	
  identifiable	
  geographical	
  clades	
  among	
  5	
  haplotypes.	
  The	
  haplotypes	
  
were	
  unevenly	
  distributed	
  among	
  the	
  localities.	
  Analysis	
  of	
  molecular	
  variance	
  (AMOVA)	
  indicates	
  that	
  
most	
  of	
  the	
  variance	
  exists	
  within	
  the	
  sampling	
  localities	
  (72.74%)	
  rather	
  than	
  among	
  the	
  localities	
  
(27.26%)	
  implying	
  a	
  frequent	
  gene	
  flow	
  among	
  the	
  localities.	
  The	
  results	
  of	
  nucleotide	
  divergence,	
  
phylogenetic	
  and	
  population	
  analyses	
  reveal	
  that	
  E.	
  bambusa	
  sampled	
  from	
  all	
  the	
  localities	
  constitute	
  a	
  
single	
  population.	
  Being	
  the	
  ever	
  first	
  study	
  for	
  E.	
  bambusa	
  at	
  molecular	
  level,	
  it	
  can	
  contribute	
  a	
  lot	
  to	
  
the	
  further	
  understanding	
  of	
  molecular	
  ecology	
  of	
  the	
  fish	
  and	
  hence,	
  can	
  help	
  adopting	
  the	
  accurate	
  
strategies	
  for	
  its	
  conservation	
  and	
  management.	
  
	
  
The	
  cyprinid	
  E.	
  bambusa	
  is	
  the	
  only	
  species	
  of	
  genus	
  Elopichthys	
  that	
  is	
  confined	
  to	
  the	
  aquatic	
  
ecosystems	
  of	
  China,	
  Vietnam	
  and	
  Russia.	
  Recently,	
  because	
  of	
  isolation	
  of	
  rivers	
  and	
  lakes,	
  construction	
  
of	
  irrigation	
  works	
  and	
  environmental	
  depravation	
  of	
  aquatic	
  ecosystems,	
  the	
  natural	
  populations	
  of	
  E.	
  
bambusa	
  has	
  declined	
  rapidly.	
  Now,	
  it	
  is	
  largely	
  restricted	
  to	
  the	
  Yangtze	
  River	
  and	
  the	
  lakes	
  connected	
  
with	
  the	
  river.	
  It	
  can	
  scarcely	
  be	
  found	
  from	
  great	
  mass	
  of	
  rivers	
  and	
  lakes.	
  To	
  investigate	
  the	
  
phylogeographic	
  characteristics	
  and	
  population	
  patterns	
  of	
  the	
  species,	
  we	
  sequenced	
  Cyt	
  b	
  gene	
  
(accession	
  #	
  EU287772-­‐EU287790)	
  and	
  used	
  20	
  sequences	
  x	
  1140	
  nucleotide	
  data	
  set	
  for	
  the	
  sequence	
  
analysis.	
  The	
  nucleotide	
  frequencies	
  are	
  0.308	
  (A),	
  0.315	
  (T),	
  0.248	
  (C),	
  and	
  0.129	
  (G).	
  Out	
  of	
  data	
  set	
  of	
  
1140	
  nucleotides,	
  5	
  sites	
  were	
  found	
  to	
  be	
  polymorphic.	
  The	
  genetic	
  distance	
  found	
  within	
  the	
  
populations	
  ranged	
  from	
  0.000	
  to	
  0.00087	
  (Table	
  I).	
  The	
  mitochondrial	
  phylogeny	
  of	
  E.	
  bambusa	
  was	
  
reconstructed	
  using	
  Neighbor	
  Joining,	
  Minimum	
  Evolution	
  and	
  UPGMA	
  methods	
  with	
  Kamura	
  2-­‐
parameter	
  model.	
  We	
  could	
  observe	
  neither	
  the	
  distinct	
  genealogical	
  branches	
  for	
  5	
  haplotypes	
  nor	
  
clusters	
  representing	
  specific	
  sampling	
  localities.	
  The	
  nonsignificant	
  Fst	
  and	
  negative	
  Tajima-­‐D	
  (-­‐
0.957297)	
  values	
  point	
  out	
  that	
  the	
  current	
  populations	
  may	
  have	
  evolved	
  from	
  a	
  small	
  number	
  of	
  
founders	
  followed	
  by	
  demographic	
  expansion	
  The	
  current	
  sequence	
  divergence	
  estimates	
  can	
  hardly	
  
distinguish	
  the	
  individuals	
  from	
  different	
  localities	
  as	
  identifiable	
  populations.	
  The	
  findings	
  of	
  present	
  
research	
  endeavor	
  reveal	
  that	
  E.	
  bambusa	
  from	
  different	
  localities	
  around	
  the	
  middle	
  reaches	
  of	
  the	
  
Yangtze	
  River	
  belongs	
  to	
  a	
  single	
  population.	
  Exhaustive	
  sampling	
  from	
  other	
  drainages	
  of	
  the	
  Yangtze	
  
River	
  and	
  other	
  river	
  systems	
  of	
  China	
  may	
  provide	
  better	
  evidence	
  on	
  molecular	
  phylogeny	
  and	
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population	
  genetics	
  of	
  the	
  species.	
  The	
  present	
  study	
  can	
  appreciably	
  boost	
  up	
  molecular	
  investigation	
  
of	
  the	
  fish	
  with	
  more	
  reliable	
  genetic	
  markers.	
  	
  

	
  
	
  
Table	
  I:	
  Haplotype	
  and	
  nucleotide	
  diversities	
  from	
  5	
  localities	
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With	
  the	
  rapid	
  development	
  of	
  shrimp	
  culture	
  in	
  China,	
  it	
  has	
  been	
  a	
  concern	
  that	
  wastewater	
  
discharged	
  from	
  shrimp	
  ponds	
  leads	
  to	
  water	
  pollution	
  in	
  coastal	
  area.	
  To	
  improve	
  water	
  quality	
  of	
  
shrimp	
  ponds	
  and	
  protect	
  the	
  coastal	
  environment,	
  an	
  experiment	
  was	
  conducted	
  in	
  a	
  shrimp	
  pond	
  of	
  
2,000	
  m2	
  in	
  surface	
  area	
  connecting	
  to	
  a	
  wastewater	
  treatment	
  unit	
  consisting	
  of	
  a	
  drum	
  filtration	
  tank	
  
and	
  a	
  foam	
  separation	
  tank.	
  In	
  the	
  pond,	
  there	
  was	
  a	
  central	
  drainage	
  system	
  from	
  which	
  pond	
  
wastewater	
  flowed	
  into	
  the	
  filtration	
  tank	
  passing	
  through	
  a	
  250	
  mesh	
  filter,	
  then	
  pumped	
  continuously	
  
at	
  a	
  rate	
  of	
  100	
  m3/hr	
  to	
  the	
  foam	
  separation	
  tank	
  which	
  was	
  installed	
  with	
  4	
  sets	
  of	
  skimmers.	
  Then	
  
the	
  treated	
  water	
  flowed	
  back	
  to	
  the	
  shrimp	
  pond.	
  Water	
  quality	
  parameters	
  were	
  monitored	
  for	
  
consecutive	
  5	
  days	
  by	
  taking	
  water	
  samples	
  at	
  0700	
  h	
  at	
  four	
  locations.	
  Results	
  indicated	
  that	
  the	
  shrimp	
  
feces	
  and	
  suspend	
  organic	
  particles	
  were	
  removed	
  effectively	
  from	
  the	
  filtration	
  and	
  foam	
  separation	
  
tanks.	
  The	
  drum	
  filtration	
  reduced	
  chemical	
  oxygen	
  demand	
  (COD)	
  by	
  1.88%	
  -­‐	
  4.57%	
  and	
  total	
  ammonia	
  
nitrogen	
  by	
  15.02%	
  -­‐	
  22.73%,	
  while	
  the	
  foam	
  separation	
  reduced	
  COD	
  by	
  1.78%	
  -­‐	
  3.60%	
  and	
  increased	
  
dissolved	
  oxygen	
  by	
  39.3%	
  -­‐	
  60.6%.	
  The	
  application	
  of	
  wastewater	
  treatment	
  system	
  not	
  only	
  improves	
  
the	
  water	
  quality	
  and	
  bottom	
  in	
  the	
  shrimp	
  pond	
  but	
  also	
  reduces	
  wastewater	
  discharge	
  to	
  the	
  
environment.	
  
	
   	
  



 266 

	
  
	
   	
  



 267 

	
  
	
   	
  



 268 

	
  
	
   	
  



 269 

	
  
	
   	
  



 270 

	
  
	
   	
  



 271 

	
  
	
   	
  



 272 

	
  
	
   	
  



 273 

	
  
	
   	
  



 274 

	
  




