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1- Outline of activities

1.1- Evaluation of external indicators of sex (maleness/femaleness) and of
reproductive condition

Purpose: To clarify criteria to distinguish males and females from external body features such

as the anatomy, size and color of the genital pore as well as to use these features to estimate the

approximate gonadal condition of females with minimum stress. This activity was conducted both
at the INTECH and the EHC.

Materials and Methods: Broodstock from the INTECH (August 13" and 20™ 2005;
4-year-old fish from the Kanagawa strain) and EHC (August 16™ and 19", 2005; 1.5-year-old fish

from the Kanagawa strain) were used. A summary of the information on these fish and on other

broodstock currently kept at the two institutions is shown in Table 1. Animals were briefly

anesthetized in 100 ppm benzocaine prior to the observations.

Table 1. Broodstock maintained at the INTECH and EHC (as of August 31*, 2005)

Tank (pond) type Age (years) | Number | Total length | Body weight
Institution | Code and size Strain and and sex (cm) (g
(ton or m’) generation | ratio (?:) | (meantSD) | (mean+SD)
INTECH | KA | Canvas(20ton) | Kanagawa 4(1) 240 (1:1) 357432 405.6+70.5
KB | Canvas (20 ton) | Kanagawa 4(1) 246 (1:1) 35.6+£0.6 359.0+20.7
K1 | Canvas (20ton) | Kanagawa 1.5(2) 458 (1:1) 31.5+04 244+8.9
Junin | Canvas (20 ton) Junin 4(1) 220 (1:1) 28.1+£0.3 180.1+8.1
EHC A3 | Canvas(20ton) | Kanagawa 1.5(2) 400 (1:1) - -
B2 | Canvas (100 ton) | Kanagawa 1.5(2) 1600 (3:1) - -
Al | Canvas(20ton) | Kanagawa 1.5(2) 400 (1:1) - -
Junin | Pond (100 m%) Junin 4(1) - - -

Results and Conclusions: As reported previously by workers from the Kanagawa Prefecture

Fisheries Experimental Station, females generally have three openings (the anus, genital pore, and

urinary pore, in this order from head to tail) in the pubic area. Males, on the other hand, generally

have two (the anus and the urogenital pore, whereby the vas deferens and the urethra fuse beneath

-91 -




the surface and appear superficially as one single pore). This inspection must be done carefully
and with consideration to multiple features, however, because of the exceptional appearance of
females with two and males with three openings. Thus, it is advisable to press slightly the
abdomen to cause the enlargement of the pelvic area, so as to improve the visibility of the
openings (Figs. 1, 2).

The genital pore of females appears either as a as a relatively wide, deep opening transparent
at the surface but pink to gray underneath (Fig. 1), a barely visible transversal slit between the
anus and the urinary pore (Fig. 2), or as a protruding papilla. The last condition is usually
associated with imminent ovulation and spawning, but may also indicate the extraordinary
retention of ovulated oocytes in the ovary and overripening. There is no clear-cut association of the
former two conditions with reproductive status. However, the former is often found in senile
females whereas the second appears commonly in “resting” or early vitellogenic females. Males
have a relatively tight urogenital pore that already is or becomes reddish upon slight pressure
around the pore due to the rich blood irrigation in the surrounding tissues. Frequently it appears as
a red ring with a gray or white (due to the presence of sperm) narrow center (Fig. 3). The width of
the white central (longitudinal) band in the belly of pejerrey is sometimes considered to be a
distinctive feature between males and females. However, with the exception of the case of
ovulating females, when the band becomes very wide, this criteria alone is not a reliable indicator
of sex whereby there is frequent interpretation error caused by differences in the nutritional status

of the individuals.

1.2- Assessment of the reproductive condition of the broodstock

Purpose: To estimate the degree of gonadal development and the possibility of spawning
during the current reproductive season of the broodstock kept at the INTECH and the EHC.

Materials and M ethods: Broodstock in the INTECH (August 13™-20", 2005; 4-year-old fish
from the Kanagawa strain) and EHC (August 16™-19", 2005; 1.5-year-old fish from the Kanagawa
strain) were harvested, anesthetized as described previously, and checked for reproductive
conditions by observation of the appearance of the belly and the (uro)genital pore, as indicated in
1.1 and in some females also by biopsy (cannulation; Figs. 4, 5, and 6) of the ovary. Males were
gently squeezed in the abdomen to verify the presence of collectable milt. In another two stocks
from the INTECH (1.5- and 4-year-old fish from the Kanagawa strain Junin strains, respectively)
inspection was performed only by careful observation of the fish without removal from the tanks,

in order to minimize stress.
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Fig.1 Appearance of the pelvic region of females Fig.2 Appearance of the pelvic region of females

Fig.3 Appearance of the pelvic region of males

Fig.5 Cannulation of females at the EHC Fig.6 Cannulation of females at the INTECH

Results and Conclusions: Observation of the degree of ovarian development in females and the
presence of collectable amounts of milt in males suggests that only half of the 4-year-old
Kanagawa strain adults from the INTECH have any possibility of reproduction during the current
reproductive season. The other half are either senile or may have completely retarded reproductive
activity for this time of the year. These individuals had a characteristic overlapping of lateral scales
over the pelvic region, completely covering the white band normally seen in this area (Fig. 7). This
senile condition is not normal in captive-reared fish of this age and was more apparent in the

females than in males. Interestingly, there appeared to be fewer senile fish in tank KB than in tank
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KA, even though both had fish from the same strain and age. The mean condition factor K
[100*BW(g)/TL*(cm)] was 0.65-0.71 for males and 0.67-0.74 for females The 1.5-year-old fish
from the Kanagawa strain and the 4-year-old fish from the Junin strain at the INTECH were in
better condition as judged from their external appearance, but still looked slightly emaciated (mean
condition factor K of 0.70-0.78 for males and 0.78-0.83 for females). Cannulation of
representative individuals from the 1.5-year-old Kanagawa strain broodstock in the EHC showed
that they were in very good condition and most females possessed vitellogenic and even near
mature, pre-ovulation oocytes. These observations suggested that most of the females and males
from this broodstock were ready to spawn in the coming weeks. In fact, these observations on the

reproductive status of broodstock in the INTECH and EHC were confirmed by the survey of

spawning activity, as reported in 1.3.

Fig.7 Appearance of pelvic region of senile fish Fig.8 Pejerrey with exophtalmia

Fig.9 Pejerrey with superficial hemorrhage Fig.10 Pejerrey eggs attached to aeration pipes

The reasons for the differences in reproductive condition between the broodstock in the two
sites and for the senile condition of the older fish in the INTECH remain unknown, but it might be
related to slight differences in rearing conditions at the INTECH and EHC. As regards water
quality, there is a strong possibility that well water used at the INTECH is supersaturated with

gases, as evidenced by the presence of various individuals with exophtalmia (Fig 8) and superficial
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hemorrhage (Fig. 9). Although the fish in the four broodstock tanks did not show such obvious
symptoms, it was noted that many of them had what appeared to be an inflammation associated
with hemorrhage in the alimentary tract, as shown by the liberation of purulent and bloody fluid
from the anus upon application of gentle pressure to the pelvic areas. At this conjecture, it cannot
be concluded that such abnormalities are related to gas supersaturation in the rearing water and to
the low reproductive activity of the fish, but it is possible that the poor water quality is causing a
physiological imbalance and associated low feed intake, and indirectly causing the arrest of
reproductive activity. Another possibility is an inadequate feeding regime such as, for instance,
administration of nutritionally poor, old, deteriorated, or inappropriately sized diets (too small or
too big for the size of the fish), or even frequent changes in feed types. For example, fish at the
INTECH received alternatively a newly developed, sinking formula-feed for pejerrey and a
floating feed for bullfrog prior to and during the current reproductive season, whereas fish at the
EHC consistently received a formula feed for trout. Our own observations in Japan indicate that
pejerrey requires an extremely long time to adapt to a change in feed type (e.g. floating vs sinking)
and that poor nutritional status prior to the commencement of the spawning season can delay or
suppress altogether reproductive activity. It could be also that low reproductive activity at the
INTECH is simply a retardation brought about by the lower water temperature (16°C) at this site
compared to the EHC (18°C), although it seems improbable that such a minor difference would
cause the almost complete arrest of reproductive activity observed at the INTECH. Finally, fish at
the INTECH were reared at a salinity of 15 ppt whereas those at the EHC were reared at salinities
of 8 ppt (tank Al) and 12 ppt (tank B2). This also does not seem to be a factor since there are
reports of sexual maturation and even spawning at salinities up to 20-25 ppt, but it could be worth

evaluating further if there is any effect of salinity on reproductive activity in captivity.

1.3- Survey of spawning activity by the broodstock

Purpose: To corroborate information on the degree of gonadal development and the
possibility of spawning obtained in 1.2 with the actual observation of spawning activity.

Materials and Methods. Spawning activity was surveyed by daily collection, counting and
estimation of fertilization rates of eggs from all broodstock tanks in the INTECH and EHC. Data is
available for the period from August 13" to September 9™ for the INTECH and from August 13" to
September 1* for the EHC (both institutions have continued to send information after the return of
this expert to Japan). Information on the 4-year-old Junin strain broodstock from the EHC is based
on visual inspection of the tank, as collection and counting was not possible.

Results and Conclusions: Only two spawnings were observed in the four tanks with
broodstock at the INTECH, one in tank K1 on August 17" and one in tank KB on September 8.
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Judging from the low number of eggs spawned on each occasion (500 and 7500 eggs from tanks
K1 and KB, respectively), both were from a single female in each tank. Fertilization rates in these
two egg masses were 28 and 48%, respectively. At the EHC, 4-year-old Junin fish kept in a
concrete pond started spawning in the beginning of August, according to accounts from employees.
Spawning by the 1.5-year-old Kanagawa strain broodstock at this site began on August 14-15" for
group Al, August 17-18" for group B2, and August 30-31* for group A3, and thereafter was

observed almost daily (Fig. 10; Table 2).

Table 2. Egg production at the EHC in 2005 (as of September 1%, 2005).

Group A3 B2 Al
Number | Fertilization | Eggs per | Number | Fertilization | Eggs per | Number | Fertilization | Eggs per
Date | ofeggs rate (%) female | ofeggs | rate (%) female | ofeggs | rate (%) female
8/13 NA NA NA NA NA NA - - -
8/14 | NA NA NA NA NA NA - - -
8/15 | 30000 35 150 NA NA NA - - -
8/16 | 7000 60 35 NA NA NA - - -
8/17 | 6000 NA 30 NA NA NA - - -
10000

2/18 6000 60 30 0 55 133 - - -
8/19 | NA NA NA NA NA NA - - -
820 | NA NA NA NA NA NA - - -
8/21 NA NA NA 6400 75 9 - - -
8/22 | 5000 75 25 2200 70 3 - - -
8/23 | 19400 83 97 4000 66 - - -
824 | NA NA NA 11000 60 15 - - -
8/25 | 17600 75 88 NA NA NA - - -
8/26 | 16600 67 83 NA NA NA - - -
827 | 56600 88 283 NA NA NA - - -
828 | NA NA NA NA NA NA NA NA NA
8/29 | 55000 66 275 NA NA NA NA NA NA
8/30 | 76000 80 380 NA NA NA NA NA NA
8/31 | 51000 70 255 NA NA NA 22000 NA 110
9/1 | 63000 80 315 NA NA NA NA NA NA

Total Mean - Total Mean - Total Mean -

40920 69.9 - 12360 65.2 - 22000 NA -

0 0

Notes: a) Tanks Al and A3 were stocked with fish from B2 at 8/12 and 8/27,

respectively.
b) Tank B2 has been with fish for at least 6 months.
c) NA: not available.
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These three tanks usually yielded from thousands to tens of thousand eggs per night
starting a few days after stocking with fish. Interestingly, the patterns of total egg
production and the number of eggs per female per night in tank A1 suggest the presence of
a transient peak of spawning activity a few days after transfer (stocking) to a new tank. A
similar phenomenon was observed in tank B2, where 100,000 eggs (estimated to be from
15-20 females) were laid on the night of August 17", or 2 days after the harvesting and
check of the animals in this tank for observation of their reproductive condition. In group
A1, spawnings became more consistent toward the end of August. This probably indicates
the response to environmental cues by a growing number of females and their entrance in
the so-called “reproductive loop” of spring (Striissmann, 1989). Thus, assuming an output
of 5,000-10,000 eggs per spawning per female of the size of those in group Al, it is
estimated that about 5-6% of the females were spawning daily in this tank by the end of
August. This can be considered as a very good result inasmuch as no manipulation by
photoperiod or temperature has been performed in this group. This good egg production,
coupled with average fertilization rates of about 65-70% have enabled the obtention thus
far of more than 360,000 fertilized eggs at the EHC over a 2-week period.

Overall, these results confirm the inferences on condition and reproductive status of animals
made from the visual inspection and cannulation of the females described in 1.2. As previously
discussed, the marked difference in reproductive output between the broodstock at the two
institutions probably reflects differences in rearing conditions between the two institutions, and
this needs to be evaluated further. The apparently increased spawning activity observed in each
group a few days after transfer stocking in a new tank or after harvesting could be just a
coincidence, but it could be also that stimulation of the fish by netting during the harvesting
process is somehow inducing final maturation and spawning. This possibility is worth exploring
further for application in artificial or programmed spawning of pejerrey. On the other hand, it is
likely that the selection of fish from a common stock at the beginning of their reproductive activity
in the EHC led to the greater spawning activity in tank Al. This, in addition to the induced
manipulation of broodstock fish by light and temperature treatment are the two most practical
ways to obtain synchronization of spawning and improvement of the efficiency of seed production.
Nevertheless, the former strategy does not solve the problem of having to rear an excess of

broodstock to be able to obtain sufficient number of spawners for seed production.

1.4- Induction of synchronized spawning activity

Purpose: This experiment was originally devised to evaluate the possibility of

induction of synchronized spawning by the manipulation of light conditions in the
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spawning tanks of the INTECH. However, as reported above, the conditions of the
broodstock were not suitable for induction of spawning as virtually all females in the four
tanks were emaciated and had markedly retarded gonadal development. Thus, the
objective of this experiment became to test the possibility of promoting gonadal
recrudescence as opposed to inducing spawning as originally intended.

Materials and Methods: Two experiments were performed at the INTECH. In the
first experiment, 4-year-old broodstock from the Junin strain (tank Junin, Table 1) were
shifted to a long photoperiod while the adjacent tank (K1), with the 1.5-year-old fish from
the Kanagawa strain, remained on a natural photoperiod as the control. Even though the
two groups were of different age and strain, both had approximately the same body size
(Table 1) and condition, as inferred from the visual inspection of the fish. For photoperiod
manipulation, two 100 W fluorescent light bulbs were suspended over the Junin tank and
controlled with a timer to provide illumination from 5:00 AM to 9:00 PM (16 hours of
light; Fig. 11). Natural light in the control group was from around 8:00 AM to 7:00 PM
(11 hours of light per day) at the start of the experiment on August 18" Evaluation of the
effectiveness of the treatment in this case is being performed by the daily observation of

the presence of spawning activity.

Fig.13 Indoor tanks for photoperiod manipulation  Fig.14 Indoor tanks for photoperiod manipulation
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In the second experiment, fish from KA, KB, and Junin tanks were subjected to
photoperiod manipulation using eight 20 ton indoor concrete tanks. In total, four tanks
were stocked with about 10 females and 10 males from Kanagawa strain each and four
with the same number of individuals from the Junin strain. Selection and stocking of the
fish was performed on July 30th and the average size of the fish used in this experiment is
that indicated in Table 1 (Fig. 12). The four groups in each strain series were subjected
from August 13" to either a long photoperiod (18 h light and 6 h darkness, 2 groups) or
two short photoperiods as controls (12 h light and 12 h darkness, 6 h light and 18 h
darkness). All tanks were covered with thick black plastic to isolate them from external
sources of light and a 100 W incandescent bulb and a timer were used to provide the
desired photoperiod (Figs. 13 and 14). Evaluation of the effectiveness in this experiment is
being made by periodical cannulation of the females and stripping of males for semen
collection as in (1). The first observation was performed on August 20™.

Results and Conclusions: As of September 9", except for the small spawning of
about 500 eggs in tank K1 reported in (3), there has been no spawning activity in any of
the groups from the first or second experiments. Moreover, cannulation of the females in
the second experiment did not reveal any substantial progress in gonadal condition as
compared to the beginning of the experiment. Previous laboratory experiments by
Striissmann (1989) indicated that the joint manipulation of the photoperiod and thermal
conditions is an efficient method to induce off-season gonadal recrudescence. In that
pioneer experiment, fish with regressing or completely inactive gonads at the middle of
summer became reproductively active and began spawning within a short period of 2-3
weeks after transfer to a favorable light and temperature regime. The results of this basic
research were later tested and confirmed in a fish farm (Yasuda Fish Farm), where transfer
of fish from rearing conditions similar to those in the current experiment (e.g., a natural
light regime at the end of winter and a nearly constant water temperature around 17°C) to
an indoor tank with a long photoperiod (16 h of light) and a temperature around 20-22°C
led to a massive, synchronized spawning (Ishida and Yasuda, personal communication). In
the current experiment, however, it was not possible to regulate the water temperature in
the spawning tanks at the INTECH and it is not known if photoperiod manipulation alone
is effective to promote reproductive activity. The lack of a response by the fish so far (3-4
weeks) is not completely unexpected, however, considering the relatively emaciated
condition of the animals, the lack of any reproductive activity in the end of winter as
indicated in 1.2, and the possible problem with gas supersaturation. Nevertheless, it is still
possible that the treatments might induction gonadal recrudescence in the coming weeks

or months. Thus, researchers from the INTECH will continue to monitor these fish in the
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following months and report their findings for subsequent analysis by this expert. If
possible, an attempt should be made to manipulate also the rearing temperature in addition

to photoperiod manipulation.

1.5- Evaluation of the effect of salinity on fertilization

Purpose: The fertilization rates of eggs obtained by natural spawning at the INTECH and
EHC in the previous years have been low, usually less than 50%. This means that more eggs must
be produced to meet yearly seed production quotas than if the fertilization rates were high, and this
problem compounds the problem of the lack of synchronization of spawning activity between
females. This trend has been confirmed this year at the INTECH, although at the EHC there has
been an apparent increase in the mean fertilization rates as compared to last year (Table 2). There
are also reasons for concern as the main salt in the rearing water in both institutions is NaCl and
high concentrations of this salt inhibit motility of pejerrey spermatozoa (Striissmann et al., 1994).
This has led researchers in both institutions to question whether the range of salinity currently
employed in the spawning tanks (e.g. 5-15 ppt) does not impair fertilization rate. To clarify this
question, an experiment was performed to evaluate the effects of salinity on the appearance of the
eggs, the motility of spermatozoa, and the fertilization rate.

Materials and Methods: This experiment was performed at the EHC with fish from
this institution. Eggs from one 1.5-year-old female from the Kanagawa strain were
collected by manual stripping after anesthesia. Sperm from one male of the same strain
was stripped by abdominal massage and withdrawn into a syringe. Masses of
approximately 100-200 eggs were transferred to two series of small plastic jars containing
100 ml of water with salinities of 0, 5, 10, and 15 ppt (Fig. 15). Saline media were
prepared with commercially available distilled water and well water from the INTECH
(15 ppt). The characteristics of the eggs such as the transparency of the chorion, the
occurrence of hydration, and the formation of the blastodisc were compared in one series
of jars after 3 hours at room temperature (18°C; Fig. 16). In the other series, 5 pl of sperm
was added immediately after introduction of the eggs for evaluation of the fertilization rate.
For testing the effects of salinity on spermatozoan motility, sperm was examined under
microscope after dilution with the same solutions. The sperm:diluent ratio was
approximately 1:5. The intensity of motility was assessed at time 0, 2, and 4 minutes after
dilution using an arbitrary scale of motility adapted for pejerrey sperm by Striissmann et al.
(1994).

Results and Conclusions. Eggs immersed in all media had similar rates of formation

of the blastodisc (about 50%, 1% series) and fertilization (about 50%, 2™ series) regardless
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of the salinity level. However, eggs at the salinity of 0 ppt appeared to be more hydrated,
had clearly larger perivitelline spaces, and blastodiscs with irregular shape compared to
those at the other salinities (Figs. 17 and 18). It is interesting to note that even eggs
without the formation of the blastodisc had a transparent chorion at the salinity of 0 ppt
(Fig. 19) whereas those at 5-15 ppt became opaque (Fig. 20). This means that at a salinity
of 0 ppt, even eggs that were not completely ripe at the time they were collected, as judged
by the absence of a clear blastodisc, underwent hydration and cortical reaction. The
similar fertilization rates among the different groups, however, indicate that this feature

does not confer any advantage in terms of fertilization. Results of the measurement of

spermatozoan motility at different salinities are shown in Table 3.

Fig.15 Salinity series for fertilization experiment

Table 3. Effect of salinity on the intensity and
duration of motility of pejerrey spermatozoa.

Motility index*
Salinity
Observation time (minutes)
(ppt)

0 2 4

0 5 0 0
5 4.5 1.5 1.5
10 4 2.5 1.5

15 4.5 4 2

* Motility index of Striissmann et al. (1994): 0 = All
spermatozoa are immotile; 1 = Most spermatozoa are
immotile and some present lateral vibration; 2 = Most
spermatozoa are vibrating or immotile while some present
forward movement; 3 = Three classes of spermatozoa can
be found in equivalent numbers: spermatozoa moving
rapidly, spermatozoa moving slowly or vibrating, and those
immotile; 4 = Most spermatozoa move rapidly while some
move slowly; 5 = Most spermatozoa display rapid
movement; impossible to track the course of any
spermatozoa.

Fig.18 Fertilize eggs at 10 ppt salinity (3 h PSF)
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It can be seen that high motility indices were maintained for a longer time with increasing salinity.
This result is in agreement with the observation by Striissmann et al. (1994) that moderate
salinities, even with NaCl, promote the motility of pejerrey spermatozoa. Thus, it can be
concluded from these experiments that fertilization rates are not impaired by elevated salinity up to
15 ppt. On the contrary, the longer duration of spermatozoan motility with higher salinity, which is
probably brought about by the osmotic prevention of the hydration and subsequent lysis of the
cells that would otherwise occur at lower salinities, likely means that the spermatozoa had
improved chances of reaching the micropyle and fertilizing the eggs. This conclusion is also borne
out by the results at the EHC this year, in which mean fertilization rates up to 70% have been
obtained at salinities between 8 and 12 ppt. In this context, it remains to be seen why fertilization
rates are lower at the INTECH. Two possibilities are the differences in rearing water quality (gas
supersaturation) and fish condition, as noted previously. Another difference between the rearing
conditions in the two sites is the markedly reduced water flow (exchange) rate in the tanks at the
EHC in comparison to the INTECH (this has been done purposely to reduce the amount of salt in
the supply water as it increases with increased water uptake in the former institution). Thus, further
experiments should compare the effect of water exchange rates on the fertilization rates in

spawning tanks.

1.6- Evaluation of methods for marking of seedsfor release

Purpose: Seeds for release must be marked to distinguish them from wild ones. This is necessary
for future recapture of these individuals and the assessment of the effectiveness of the (re)stocking
programs, and to obtain information such as optimum release size, location and time. At present,
there is no definite method for the marking of pejerrey juveniles. Earlier studies by Kanagawa
Prefecture Fisheries Experimental Station and by researchers in the INIDEP (Argentina; Brown and

Fuentes, personal communication), and more recently by researchers at the INTECH, have focused
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on the marking of otoliths with compounds (e.g. Oxytetracycline, Alizarin) that fluoresce under
illumination with certain wavelengths. This method, while practical from the perspective of
marking, is time consuming during subsequent analysis since it requires the extraction of the
otoliths. It also requires expensive and sophisticated equipment (e.g. a fluorescent microscopy).
Other studies by the Kanagawa Prefecture Fisheries Experimental Station and this expert have
used the subcutaneous implantation of fluorescent silicone elastomeres, which allow the
immediate identification of the fish. However, since they are injected in the muscle, there is always
the possibility of inadvertent consumption of the silicone elastomere by anglers. Thus, this
experiment was conducted to evaluate the suitability of new marking methods under development
for other species for application in the marking of pejerrey juveniles. These methods tested in this
study are the heat (or cold branding), as is being tested in flounder, and the subcutaneous
implantation of fluorescent silicone elastomere in the base of the pectoral fin, as its being done on
puffer fish.

Materials and Methods: This experiment was performed at the INTECH with 10-months-old
juveniles brought from the EHC. The range of size of fish was 6.8 to 12.9 ¢m in body length and
3.6 to 27.9 g in body weight. In total, 16 fish were used for heat branding, 14 for cold branding,
and 10 for silicone elastomere implantation. Fish were anesthetized in 100 ppm benzocaine. For
heat branding, a standard solder (150W) with a tip diameter of about 5 mm was heated to
equilibration and applied for 5 seconds to one or two locations on the dorsolateral wall of the fish
near the dorsal fin (Fig. 21). For cold branding, the tip of the same solder was dipped in liquid
nitrogen until thermal equilibration and marks were applied for 5, 10, or 20 s in one or two
locations as for heat branding (Fig. 22). Fish were marked on different locations (right x left,
anterior x posterior) to identify different treatments. The wound caused by the heat and cold
branding was disinfected with Isodine solution (Fig. 23). Two colors of silicone elastomere were
used for implantation in the transparent base of the pectoral fins on both sides of the fish. Half of
the fish was implanted with blue elastomere and the other half with pink. In both cases, fish were
implanted also in one side of the dorsolateral wall above the pectoral fin as a control in case of the
loss of the elastomere implanted in the base of the pectoral fin (Fig. 24). In all types of marking,
fish were allowed to recover from the procedure in a 200 L tank with flowing water at 17°C and a
salinity of 15 ppt. The tanks continue to be monitored for mortality and the visibility of the marks
as of today.

Results and Conclusions. All marks were clearly visible on the next day (Figs. 25, 26, 27, and
28). The wound caused by the heat and cold branding healed completely within two weeks of the
treatment. Mortality was limited to 2 fish out of 16 in the heat branding group and 1 out of 14 in
the cold branding group as of September 9". No mortality has been observed in the silicone

elastomere-implanted fish.
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Fig.22 Cold branding of pejerrey juveniles

Fig.25 Heat-branded pejerrey juveniles Fig. -branded pejerrey juveniles

Fig.27 Silicone elastomere-implanted juvenile Fig.28 Silicone elastomere-implanted juvenile
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The implantation of silicone elastomere in the base of the pectoral fin is advantageous over that in
the dorsal muscle in which it is not an edible part. Thus, the risk of inadvertent consumption by
anglers can be minimized by this method. The three methods therefore appear promising and the
final choice should be based on the consideration of the time and skills involved in marking. As a
reference, it was estimated that it took about 25-30 seconds per fish for the marking with cold
branding and elastomere implantation and 15-20 with the heat branding. Observations should be
continued in the following months to evaluate further the long-term visibility of the marks.
However, there are currently over 30,000 seeds produced last year that still await marking and
release. Any of the methods could be applied for these seeds but, for this purpose, it is
recommended that, whatever the choice of marking method, it be applied in conjunction with
another traditional method (e.g. otolith marking, coded-wire tags, etc) pending the results of the

long-term evaluation to ascertain the usefulness of each of the proposed methods.

2- Recommendations

2.1- Broodstock M anagement

2.1.1-The first production cycle should start as early as possible in the end of
winter/beginning of spring (even if this means having to rear larvae on Artemia nauplii for
the first weeks because of the inability to raise plankton).
Advantages: This will allow seeds obtained in the first cycle to be released at a time when
plankton is naturally blooming in the lagoons (instead of at the end of summer, when
plankton is declining, as is currently done) and therefore lead to higher survival and growth
rates (which will probably compensate the higher cost incurred in their production due to the
use of Artemia). An additional advantage is the attainment of yearly production quotas
earlier in the season. This should alleviate the pressure towards the last months of summer,
which is the period of summer vacations and shortage of personnel.
Requirements: (a) Off-season spawning, which can be achieved by selection of broodstock
and manipulation of the light and temperature conditions for broodstock rearing, as
indicated in 2.1.2 and 2.1.3. (b) Ability to produce plankton at this time of the year, or to
purchase cysts of Artemia and/or high quality artificial feeds for use when natural plankton
is not available.

2.1.2-Broodstock should be selected at the start of the spawning season (beginning to middle
of August) and separated into smaller groups accor ding to the probability of spawning
in the following weeks or months. This is most necessary for the youngest and oldest

animals, where the highest variability in reproductive conditions occurs. Criteria for
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“immediacy” of spawning and/or culling will be the health (good nutritional conditions,
absence of disease or deformities) and reproductive (gonadal development, as judged from
the bulging of the belly and presence of milt in females and males, respectively) status of
the animals.
Advantages: (a) This will allow the prediction of the time of spawning and egg production
more accurately. (b) Possibility of induction and synchronization of spawning among fish if
necessary (because it is easier to manipulate the light, temperature and salinity conditions in
smaller tanks). (c) Likely obtention of higher fertilization rates due to the control of salinity
in smaller tanks and removal of the “disturbance effect” of non-reproducing animals. (d)
Precise monitoring of the reproductive status of fish, leading to a better understanding of
processes such as reproductive aging (senility) and response to environmental cues, which
in turn might allow the development of early, mean, and late spawning broodstock groups.
Requirements: Clear criteria to be used during screening/culling of animals for their health
and reproductive status.

2.1.3-Spawning should be induced by the manipulation of light and/or temperature
conditions in the broodstock rearing tanks. Animals for this purpose should be selected
from among the larger group of broodstock, as indicated in (2.1.2).
Advantages: (a) Same advantages listed in (2.1.2) as well as the attainment of production
quotas using fewer broodstock fish, which means reduced maintenance cost and
consequently of seed price. (b) In addition, since more fish will respond to the sudden
change in environmental conditions than under natural changing conditions, it is possible to
obtain seeds from and between fish that normally will not overlap in their reproductive
activity. This will ensure that the seeds produced will have maximum genetic variability
while at the same time making possible to rear (and manipulate) the minimum number of
broodstock possible.
Requirements: (a) Rearing facilities with controlled light conditions (minimum) and, if
possible, also an indoor (glass house) 5-10 ton, recirculated water tank to be able to rear the
broodstock at warmer temperatures when necessary (but without the need for artificial
heating) and at controlled salinity (because moderate salinity prolongs sperm motility and
hence promotes fertilization rates). (b) Knowledge on the effects of environmental factors
(light, temperature, food amount and quality, and possibly also of salinity, water flow,
atmospheric pressure, lunar cycles) on reproductive status. (c) Testing of the efficiency of
joint environmental and endocrine (hormonal) stimulation of reproductive activity.

2.1.4-Broodstock fish should be fed high quality artificial feeds for at least 2-3 months before
the start of the spawning season. Given the lack of a standard diet optimized for pejerrey

at this moment, it is suggested that pejerrey should be fed with trout diets, which are more
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standard in composition than the other alternatives available in the domestic market or under
development. Trout diets provide adequate levels of protein and lipids to sustain the heavy
nutritional demands of broodstock fish prior to and during spawning. Attention should be
also placed on choosing the right size of feeds in relation to the size of the fish.
2.1.5-Broodstock for seed production should be renovated every two years with fertilized
eggs collected from natural populations that are within the geographic area where the
produced seeds will be released. The reasons are as follows. (a) Fertility (reproductive
ability) peaks at 2-4 years in pejerrey, particularly under the project site conditions. (b) The
genetic variation in Kanagawa stock (or any other stock, for that matter) will probably
deviate and end up being not representative of the genetic makeup of natural populations,
under continuous, multi-generation rearing. (c) Captive-reared broodstock also serves as a
buffer against the temporal or spatial inability to locate wild sources of seeds (Note:
“lessons from the past”: while it could be argued that, if constant renovation is necessary,
than it would be easier to take directly from wild populations every year, it must be
understood that a) reproduction activity in wild stocks is unpredictable, therefore making
them unreliable sources of seeds, b) the seasonality of reproduction in wild stocks probably

does not support an extended seed production scheme with 2- or 3-production cycles per

year.)

2.2- Miscellaneous recommendations

2.2.1- The current facilities could be used to have up to three production cycles per year
(season) (assuming a cycle of about 2-3 months with an overlap of a few weeks between
cycles, which can be done in different tanks).

Advantages: This will allow maximum return of investment in facilities and personnel and
the advantages listed in (2.1.1).

Requirements: (a) Selection of broodstock and induction of off-season and synchronized
spawning as discussed in 2.1.2 and 2.1.3. (b) Cysts of Artemia and/or high quality artificial
feeds for use when natural plankton is not available.

2.2.2- The following improvements are suggested for the rearing facilities of the INTECH
and EHC. Improvements that apply to both the INTECH and EHC are as follows. (a)
Rearing areas should be equipped with paved corridors adjacent to the tanks that allow the
passage of a heavy-load caster (to carry a tank of up to 300 L to be used during transport of
fish between tanks and when loading them onto a truck. (b) One edge of the corridor should
border an access area where a transport truck can park to load/unload fish. (c) Aeration
outlets (with valve) should be installed in strategic areas near the tanks for use during

sampling, transport, etc. (d) Indoor tanks for use during photoperiod and temperature
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2.2.3-

2.24-

2.2.5

2.2.6-

manipulation of broodstock for spawning as indicated in 2.1.3. Improvements that apply to the
INTECH are as follows. (e) A system to reutilize the rearing water from the 6 outdoor tanks
for the earthen ponds available at this institution (see 2.2.4). (f) Paddlewheels or any other
equipment to vigorously aerate the primary water reservoir, to eliminate excess gas (see
2.2.5)

Experiment with different methods for collection of eggs from the tanks (such as the use
of spawning mats in the bottom, etc.). This is necessary to improve the efficiency of the egg
collection method, which is very inefficient at present.

Experimentally raise peerrey in the earthen ponds in the INTECH. This appears
necessary to a) obtain preliminary information on the feasibility of semi-intensive
cultivation, and b) give personnel much needed hands-on experience on rearing fish to
marketable size (future extension workers in aquaculture). This can be achieved at a
relatively low cost by using existing earthen ponds in the INTECH and by reusing rearing
water from the existing broodstock tanks.

M easure dissolved gases (especially nitrogen) and other substances (pollutants, heavy
metals, etc) in the rearing water. (In the INTECH, there are indications of a water quality
problem, most probably gas supersaturation). This is an urgent task!

Obtain an agreement/pledge from per sons, companies, or organizations receiving seeds
through the project. It is desirable that they a) recognize the number, size, date of delivery
etc of seeds, b) agree not to resell or give away fish without consent from the provider of
seeds, c) agree to allow the conduction of periodic surveys for monitoring of the growth and
survival of the stocked seeds, d) agree to disclose any information on the site (water
conditions etc), harvesting and commercialization of the produce which might be of
relevance for the evaluation of the effectiveness of stocking and of aquaculture in general,
and e) release the provider of seeds of any responsibility such as in the case of losses,
liability claims, environmental degradation etc incurred as a result of the stocking with

seeds.
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Outline of activitiesand recommendations from evaluation
mission on the JICA Project of Pgerrey Propagation and
Aquaculturein Argentina (August 11"-22", 2005)

Dr. Takashi Sakamoto
Associate Professor

Tokyo University of Marine Science and Technology

Field of expertise:

Population genetic analysis
Field of activities:

Genetic evaluation of broodstock and natural populations
Institutionsvisited:

Instituto Tecnologico de Chascomus (INTECH)

Estacion Hidrobioldgica de Chascomus (EHC)

Summary of activitiesand recommendations:

The main activity conducted during my visit to Argentina was the genetic evaluation of
broodstock maintained at the INTECH and the EHC and of surrounding natural populations,
particularly of Lake Chascomus, together with researchers from the INTECH. The goal was
the obtain basic information on the degree of genetic variation of the various populations and
estimate the genetic differences between them to serve as a reference for decisions involving
the release of artificially produced seeds from any particular broodstock in natural water
bodies. This analysis was conducted using a technique called microsatellite marker analysis.

In general, microsatellite markers are very sensitive and informative genetic markers that
can detect very small genetic differences among populations. Because of this sensitivity, it
is desirable to collect genetic data using as many markers as possible (at least three), to
prevent a disproportionate effect on the conclusion from any single positive or negative result.
However, in this study, we could only collect data sets for two markers because of difficulties
in the use of a new electrophoresis equipment purchased for this project. Moreover, only the
first set, using the microsatellite marker OboO1TUF, contains information for all five
populations under study (Chascomus, Kanagawa, Junin, Salada Grande and Chasic6). The
second data set, obtained with two microsatellite markers (OboO1TUF and Obo02TUF), has
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genetic information for only two of the populations (Chascomus and Kanagawa). This
limited amount of genetic information is not enough for a conclusive population analysis.
The genetic differences among these populations were analyzed anyway, taking in
consideration the urgent need for information on the genetic status of seeds from the
Kanagawa strain produced at the EHC. Genetic analysis of the first data set using the
Genepop software revealed significant genetic differences among all pairs of populations.
We were also able to detect a significant genetic difference between the Chascomus and
Kanagawa populations using the second data set and the Arlequin genetic analysis software.
The Genepop software was used also to calculate pairwise Fsr values for estimation of the
genetic divergence between populations (Table 1). The Fgsr value between Chascomus and
Kanagawa was 0.0637 whereas that between Chascomtis and Chasic6 was 0.0479. The
smallest Fst value encountered was 0.0236 (between Chasico and Junin). In our discussions
(Dr. C.A. Striissmann, Dr. GM. Somoza, Lic. G. Berasain and Dr. T. Sakamoto), we have
concluded that the low Fgr values between populations such as Chasic6 and Junin, or between
Chascomus and Chasicd, are probably related to previous programs of pejerrey stocking. For
instance, it is common knowledge that pejerrey stocking programs have been carried out in
Argentina since the beginning of the 20" century, and that these have used alternatively
various lagoons as source of seeds for introduction. Unfortunately, there has never been any
genetic study of wild populations in Argentina, so pejerrey stocking programs have been
conducted without consideration for the source and destination of seeds. This means that it
is now impossible to estimate the original genetic population structure of pejerrey prior to
stocking programs from sampling of wild specimens.

Nevertheless, it is important to recognize that there is still a fairly large degree of genetic
divergence between the various groups, which suggests the existence of subpopulations with
limited gene flow between themselves. In this regard, the Kanagawa strain was derived from
the pejerrey population of Lake Chascomus, which has no known history of introduction of
seeds from other populations prior to the sending of fertilized eggs to Japan in 1966, and has
been isolated ever since. This strain was never allowed to interbred with other pejerrey
populations available in Japan and has never been subjected to any kind of artificial
modification of its genetic makeup. Thus, it is very likely that the Kanagawa strain
represents the genetic constitution of the pejerrey population of Lake Chascomus in 1966, and,
in this regard, may prove invaluable to restore the original pejerrey strain to this lake. More
importantly, however, the results of this analysis show that the Kanagawa strain is no more
different from the other strains available for this study, and which have been used in previous
stocking programs for pejerrey, than these strains compared to each other. For example,

pejerrey stocking programs in Lake Chascomiis and many other water bodies throughout
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Argentina since the demise of the Chascomus population have been carried out using pejerrey
seeds from Junin and Salada Grande, among other sources (Lic. Berasain, personal
communication), which have the highest level of genetic divergence among the populations
studies (Fsr value of 0.2658; Table 1). In this context, it is our (Dr. C.A. Striissmann and Dr. T.
Sakamoto) conclusion that there are no fundamental differences in carrying out restocking
programs with the Kanagawa strain as far as genetic divergence between the populations is
concerned. However, to avoid the gradual loss of genetic diversity often encountered in
multigenerational rearing of broodstock as well as to conserve as much as possible the genetic
variability of wild populations, it is recommended that future stocking programs try as much
as possible to renew and diversify the broodstock every few years using as a source wild
natural populations with a genetic constitution as close as possible to those in the area where
restocking is to be carried out.  As a basis for these activities, it is of foremost importance to

continue the study of the genetic diversity of Argentine pejerrey populations.

Table 1. Population pairwise Fgr estimates among six populations of wild (w), F; (f) and

hatchery (h) pejerrey using microsatellite marker (Obo0O1TUF)

Chascomus (w) Kanagawa Junin Salada Grande
Kanagawa (h) 0.0637 - - -
Junin (f) 0.1062 0.2521 - -
Salada Grande (f) 0.0822 0.0842 0.2658 -
Chasico (f) 0.0479 0.1825 0.0236 0.1779
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