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Eétratequc Advances - Adoption of a careful and responsible
- approach for conducting enhancements (aided by salmonid debates)

A Scientific Advances i Marine aquaculture / stocking impact /
genetic risk / modeling enhancements / evaluating survival /
Improving release strategies
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=, Bl @uantltatlve Measures of Success
=t Use! "‘é'ﬁetIC Resource Mgmt. to Prevent Deleterious Effects
"zUse Disease and Health Management
—-""‘“LIB-COT]SIdeI‘ Ecological, Biological, & Life-History Patterns
—— 7 Identlfy Hatchery Fish & Assess Stocking Effects
- I 8. Use an Empirical Process to Define Optimal Release Strategies
I 9. ldentify Economic & Policy Guidelines
I 10. Use Adaptive Management

(* Blankenship & Leber, 1995. Am. Fish. Soc. Symposium 15:67-175)
PDFE is online at www. StockEnhancement.org/science/publications.html




OUpdated Responsi

Stage |: Initial appraisal and goal setting
(1) Understand the role of enhancement within the fishery system

(2) Engage stakeholders and develop a rigorous decision making process
(3) Quantitatively assess contributions to fisheries management goals =

(4) Prioritize and select target species and stocks for enhancement
(5) Assess economic and social benefits and costs of enhancement

Stage IlI: Research and technology development including pilot studies

(6) Define enhancement system designs #*

(7) Develop appropriate aquaculture systems

(8) Use genetic resource management

(9) Use disease and health management

(10) Ensure that released hatchery fish can be identified

(11) Use an empirical process for defining optimal release strategies

Stage |ll: Operational implementation and adaptive management
(12) Devise effective governance arrangements %

(13) Define a management plan with clear goals and decision rules
(14) Assess and manage ecological impacts

(15) Use adaptive management
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ABSTRACT

Eda H. Murashise R, Ocued, Y Hag stham, B., Bass, P., Tamaru, C.S. and L
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xperiments were conducted on larvac of Maugil cephalus to determine onset of feeding, temporal
changesin food selectivity, i stockingdeniy of arae, s and hytoplanion,and the f

iveness of enriching food organisms. Larvae were observed 10 possess rotifers in their gut at 70 h
'vouh'.\l:h A significant (P<0.01) difference in total length was detected between fed and unfed
larvac by 84 h posthatch. All unfed larvae were dead 192 h after hatching, It was concluded that
rotifers should be offercd on Day 2 for proper propagation. Analysis of firs-feeding larva indicated
that gut composition mirrors the food found in the water column. Larger food types predominate
the gt of cder . Lavae fed enriched dtenia st in sigifcantly igher growth (P <01
over those fed non-enriched Artemtia or rotifers. Initial larv sities were inversely corre-
tated with survival (r=—0.58, P<0.01). Optimal iial stoeking density was 10-20 arvac/l, 3-10
Totfers i, and phytopian ~700 10° cells/ml.

INTRODUCTION

Development of suitable feeding regimens for mass rearing of larval fish
represents one of the last barriers to successful propagation of a variety of
marine species. Most problems result from the relatively small mouth size of
hatched larvae (Shirota, 1970) and their limited yolk reserves. This presents
culturists with the difficult task of identifying an appropriate food type, quan-
tity, and quality at initial feeding. Furthermore, the time when food is mlro
duced to the larvae is a critical factor in the avoidance of early and irrever
ble starvation (Lasker et al., 1970).

Investigations on rearing larvae of the striped mullet (Mugil cephalus) have

0044-8486/90/803.50  © 1990 — Elsevier Science Publishers B.
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Abstract

Striped mullet, Mugil cephalus, larvae were first reared exclusively on rotifers until 15
days post-hatching. Larvae were then separated and reared until 35 days post-hatching
using four different rearing strategies: Treatment 1=nowly hatched Artemia nauplii,

nriched nauplii, and Treatment

e physical handling were abserved. Highest mortlities ccourred with larvae reared
using Treatment 1. Tntermediate percentages of mortality were obscrved from larvac grown
using Treatment 2 and almost no mortalities were observed when employing enriched nau-
plii (ic., Treatments 3 and 4).

1. Introduction

A major task in developing a protocol for the artificial propagation of a fish
species targeted for culture is the develop f a feeding regimen for the larvae.
Several impediments are encountered at initial feeding for larval marine fish spe-
cies, such as the large numbers of food organisms that need to be produced and
the size of the food organisms. However, two live foods, the rotifer Brachionus
plicatilis and the nauplii of the brine shrimp Artemia, satisfy both the numerical

‘orresponding author.
**Present address: 1157 Lunaapono Place, Kailus, HI 96734, USA.

0044-8486/94/$07.00 © 1994 Elsevier Science B.Y. All rights reserved
SSDI 0044-8486(93)E0261
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FIGURE 3. Annual schedule for year-round spawning.

dicting more precisely the time at which females
will reach an average oocyte diameter of 600 pm:

Ln (egg diameter) = 4.96 + 0.014 (days)

Off-Season and Year-Round Maturation

The capability to control the maturation cycle with
photoperiod and temperature provides a hatchery
with two options: 1) to produce fry only during
the off-season when the price is higher and com-
petition from natural fry collectors is minimal:
or 2) to produce fry throughout the year during
both the on-season and off-season which avoids
hatchery down time. With some species of fish,
the entire broodstock can just be placed under
constant stimulatory conditions for continuous
maturation. In other species, particularly those
like the mullet which appear to require a “refrac-
tory period,” the broodstock are divided into
groups and sequentially placed under a cycle of
stimulatory and inhibitory conditions. This tech-
nique is referred to as “phase-shifting” as each
group has an on-season and an off-season which
is out of phase with the natural cycle.

In Hawaii, OI has obtained year-round matu-
ration and spawning with broodstock divided into
one natural “winter” group and three phase -
shifted groups: a “spring” group, a “summer”
group, and a “fall” group. Each of the last three
groups is subjected to similar stimulatory condi-
tions (8-12 hours daylight and 20-26°C) and in-
hibitory conditions (14-18 hours daylight and 27-
30°C), but at different times of the year (Fig. 3).
During all but 10 weeks of the year, the broodstock
are maintained in 30-ton outdoor fiberglass tanks,
each fitted with a plastic hood (Photo 21) and a
set of spotlights connected to a 24-hour timer to
control photoperiod. A freshwater line allows sa-
linity and temperature control, as freshwater at
The Oceanic Institute is colder than seawater. The
fish are stocked at a density of 1.5 fish/ton and at
a sex ratio of 1:1.

The stimulatory period is 30 weeks. On the
first day that a group begins this phase, the fish
are staged, measured and weighed. Staging is re-
peated at wecks 6 and 12, and at three week inter-
vals thereafter. During the first six weeks, the fish
are maintained in 35 ppt seawater. From week 7
to 30, freshwater is added which reduces the sa-
linity to 15-25 ppt and temperatures to below
26°C. Photoperiod is shortened to eight hours from
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PHOTO 21. Outdoor maturation tanks with blank "hood" covering.

0815 to 1615. During this period, eggs will de-
velop as if they were in normal winter conditions.
They can then be induced to spawn with an acute
hormone treatment (see “Induced Spawn” section)
when the average egg diameter is 600 um or
greater.

The inhibitory period, which follows the
stimulatory period, has a duration of 22 weeks
divided into two phases: preliminary and final.
The preliminary phase lasts for 12 weeks, during
which the fish are placed under 18 hours of light
(0400-2200) and normal 35 ppt seawater. After-
ward, the 10-week final phase begins with the
transfer of the fish to a 35-ton indoor tank fitted
with artificial lights controlled by 24-hour timers
and a 1-kilowatt submersible heater to raise the
water temperature to 28°C. The lights are set to
turn on at 0400 and off at 2200 (the same photo-
period as in the preliminary phase). The neces-
sity of elevating temperatures in this final phase
is currently being investigated. If unnecessary, the
two inhibitory phases will be combined into a
single 22-week phase of extended photoperiod (18
hours of light) and ambient water temperatures.

Hormonally Stimulated Maturation

At the present time, the FDA has not approved
the use of any hormones for aquaculture. How-
ever, there are other countries which do not have
these restrictions and studies are currently in
progress which may lead to the approval of the
use of LHRH-a and 17a-methyltestosterone in
the U.S. Therefore, techniques to hormonally
stimulate maturation and spawning in mullet are
included in this manual.

LHRH- Accelerated Females

As mentioned earlier, the growth rate of oocytes
in the vitellogenic stage averages 7 pm/day. There-
fore, the time required for a female to reach an
oocyte diameter of 600 um is two months. Fe-
males who begin this stage in November may
reach full maturity, be induced to spawn and ma-
ture a second clutch of oocytes before the end of
the natural season. This does not happen very often
for a number of reasons. Some females are “slow
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ABSTRACT

Eda, H., Murashige, R., Oozeki, Y., Hagiwara, A., Eastham, B., Bass, P., Tamaru, C.S. and Lee, C.-S.,
1990. Factors affecting intensive larval rearing of striped mullet, Mugil cephalus. Aquaculture, 91:
281-294.

Experiments were conducted on larvae of Mugil cephalus to determine onset of feeding, temporal
changes in food selectivity, initial stocking density of larvae, rotifers and phytoplankton, and the ef-
fectiveness of enriching food organisms. Larvae were observed to possess rotifers in their gut at 70 h
posthatch. A significant (P<0.01) difference in total length was detected between fed and unfed
larvae by 84 h posthatch. All unfed larvae were dead 192 h after hatching. It was concluded that
rotifers should be offered on Day 2 for proper propagation. Analysis of first-feeding larvae indicated
that gut composition mirrors the food found in the water column. Larger food types predominated in
the gut of older fish. Larvae fed enriched Artemia resulted in significantly higher growth (P<0.05)
over those fed non-enriched Artemia or rotifers. Initial larval stocking densities were inversely corre-
lated with survival (r=—0.58, P<0.01). Optimal initial stocking density was 10-20 larvae/l, 5-10
rotifers/ml, and phytoplankton at 500-700x% 103 cells/ml.

INTRODUCTION

Development of suitable feeding regimens for mass rearing of larval fish
represents one of the last barriers to successful propagation of a variety of
marine species. Most problems result from the relatively small mouth size of
hatched larvae (Shirota, 1970) and their limited yolk reserves. This presents
culturists with the difficult task of identifying an appropriate food type, quan-
tity, and quality at initial feeding. Furthermore, the time when food is intro-
duced to the larvae is a critical factor in the avoidance of early and irreversi-
ble starvation (Lasker et al., 1970).

Investigations on rearing larvae of the striped mullet (Mugil cephalus) have

0044-8486/90/$03.50 © 1990 — Elsevier Science Publishers B.V.
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Enhancing the resistance to physical stress in larvae
of Mugil cephalus by the feeding of enriched Artemia
nauplii
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Abstract

Striped mullet, Mugil cephalus, larvae were first reared exclusively on rotifers until 15
days post-hatching. Larvae were then separated and reared until 35 days post-hatching
using four different rearing strategies: Treatment 1=newly hatched Artemia nauplii,
Treatment 2=rotifers plus nauplii, Treatment 3=enriched nauplii, and Treatment
4 =rotifers plus enriched nauplii. No obvious differences in larval growth and survival
were observed between treatments. However, significant differences in the ability to tol-
erate physical handling were observed. Highest mortalities occurred with larvae reared
using Treatment 1. Intermediate percentages of mortality were observed from larvae grown
using Treatment 2 and almost no mortalities were observed when employing enriched nau-
plii (i.e., Treatments 3 and 4).

1. Introduction

A major task in developing a protocol for the artificial propagation of a fish
species targeted for culture is the development of a feeding regimen for the larvae.
Several impediments are encountered at initial feeding for larval marine fish spe-
cies, such as the large numbers of food organisms that need to be produced and
the size of the food organisms. However, two live foods, the rotifer Brachionus
plicatilis and the nauplii of the brine shrimp Artemia, satisfy both the numerical

*Corresponding author.
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