

































































































































































































































































































































































































































































































































































Furthermore, during this period sudden temperature changes often occur in the waters off
southern Brazil due to sub-surface intrusions of cold South Atlantic Central Water
(SACW) (Chapter IV, Matsuura 1986, Brandini 1990, Castro and Miranda 1998). During
this period, scallops may therefore be exposed to temperatures close to the upper tolerance
limits, as well as to sudden temperature shock.

The lion’s paw scallop displayed high survival within the normal range of
temperatures experienced by wild populations at the southern distribution limit, but the
recorded temperatures in the sea approached the upper lethal limit. At some coastal
aquaculture sites, seawater may occasionally reach 29-30°C, i.e., above the lethal
threshold, depending on scallop size and exposure period. The highest experimental
temperature at which no mortality was recorded was 27°C, and all size-classes displayed
high mortality at 31°C. Spat, however, were more tolerant to high temperatures than
juveniles and adults. The lethal temperature to kill 50 % of the scallops (LTso) decreased
as exposure time increased. This is in agreement with previous studies on other scallops
(Dickie 1958, Paul 1980b). A 48-h exposure period has been proposed to determine lethal
temperature adequately, since shorter exposures may result in tolerance of higher
temperature (Paul 1980b). In the present study, exposures of 24 h and longer consistently
resulted in LTso values approximately 2°C higher for spat than for adults, juveniles
displaying an intermediate LT after 48-h exposure. This size-tolerance relationship
obtained for N. nodosus is in agreement with a previous study on Chlamys opercularis
(Paul 1980b), in which spat displayed higher tolerance to high temperatures than juveniles
and adults at sizes comparable to those in the present study. The results with N. nodosus

also suggest that the additional metabolic demand due to gonad maturation reduces
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tolerance to high temperature. This is consistent with aquaculture studies carried out in
the Caribbean region, in which the scallops N. nodosus and Euvola ziczac displayed
higher mortality after sexual maturation during periods of high water temperature (ca.
28°C) and lower phytoplankton abundance (Lodeiros et al. 1998, Lodeiros and
Himmelman 2000). Mortality of N. nodosus in the sea can therefore occur at temperatures
near the upper lethal limit, during periods of high metabolic demand and poor nutritional
conditions associated with warm and oligotrophic tropical waters. Such conditions can
influence nearshore regions off the southeastern coast of Brazil (Brandini 1990, Suny¢ and
Servain 1998).

An acute temperature drop from 27°C to 15°C, as is likely to occur during sudden
changes in the position of the thermocline during summer, was not lethal to N. nodosus
spat, although it caused a significant thermal shock to the organisms, as reflected by
behavioural responses. The present experiments, however, were not designed to assess
the effects of cyclic thermal oscillations caused by fluctuations of the thermocline, which
could cause physiological stress and possible mortality, as reported by Dickie and Medcof
(1963) and Miller et al. (1981) for other scallops. Further studies should focus on the
effects of cyclic temperature variation on growth, survival and physiological responses of
the lion’s paw scallop, in order to assess the effects of the cyclic cold water intrusions,
which affect aquaculture sites in this subtropical environment (Chapter IV).

Lower temperature limits have seldom been determined for scallops. Lower lethal
limits are generally more variable and more difficult to determine than upper limits (Kinne
1970a). Atlow temperature scallops may exhibit chill coma, in which they display no

contractile response to touch, yet remain alive. On the other hand, animals may respond
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to stimuli, but be irreversibly impaired. Although significant mortality was not detected
during the 96-h experiment in any size-class, N. nodosus was severely damaged when
exposed to temperatures of 11°C, displaying minimal response to touch throughout the
experiment, retracted mantle borders and tentacles and a sub-normal shell gape, symptoms
of cold lethargy. At the end of the experiment, after ambient water temperature was
gradually restored, mortality was high for all size-classes and the few survivors were
irreversibly damaged due to the extensive detachment of the mantle border from the shell.
Ninety-six hour exposure to 11°C were therefore lethal for the lion’s paw scallop.
Scallops maintained at 15°C initially displayed symptoms of thermal shock similar to
those exhibited at 11°C, but after 12 to 24 h shell gape was wider and the mantle border
and tentacles protruded, but never as extensive as at higher temperatures, also indicating
temperature-induced lethargy. The lower temperature limit for N. nodosus therefore lies
between 11°C and 15°C. Further studies should focus on narrower temperature intervals
within this range, not only during summer, but also during winter, in order to determine
the lower thermal limit of this southern population. Although temperatures below 15°C
have not been recorded at an experimental aquaculture site off Santa Catarina State (Lat.
27°S) (Chapters III and IV), not far south of the study site, between Cabo Santa Marta
(Lat. 28.5°S) and Arroio Chui (Lat. 33°S), surface waters are dominated by SAW during
winter which reach temperatures below 15°C (Castro and Miranda 1998), and the |
northward flow of this current reaches latitudes as low as 23.3° S in some years (Campos
et al. 1996), possibly influencing wild populations of N. nodosus as well as aquaculture
sites. Furthermore, during summer, water temperatures below 15°C have been recorded

during upwelling events off Cabo Frio, Rio de Janeiro State (Lat. 23° S) (Gonzalez-
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Rodriguez et al. 1992), as well as in southern parts of Santa Catarina Island (Lat 27.5°S)
(pers. obs.).

Short-term exposure to a temperature of 33°C indicated that immediately after the
exposure scallops were alive but physiologically impaired, as reflected by the high
mortality recorded 24 to 48 h later. Irreversible physiological damage was therefore
caused by a 2-h exposure to a temperature not far above the maximum recorded at some
coastal areas. Furthermore, during the process of thinning stock and changing the nets in
aquaculture operations, scallops are brought to surface and transferred to a basin filled
with seawater, where they may be held for one or more hours. This is a risky practice
under the hot subtropical sun, when the water temperature in the basin could rapidly reach
a temperature at which mortality would not be immediately seen but would subsequently
occur.

The thermal range within which growth and normal physiological function can
occur is usually narrower than the tolerance limits (Kinne 1970a, Newell and Branch
1980). In the present study, scallops displayed a higher percentage of byssal attachment
within a narrower range of temperatures than those at which mortality was recorded.
Byssogenesis in scallops is very sensitive to environmental conditions (Brand 1991), and
it has been suggested that the highest rate of byssal attachment occurs at the optimum
temperature for growth (Paul 1980b, Heasman et al. 1996). As the byssal threads are
composed of complex proteinaceous molecules (Bubel 1984), the rate of byssal synthesis
may reflect the overall rate of protein synthesis, which is temperature regulated (Somero
and Hochachka 1976), as well as other physiological functions of the organism. Optimum

temperatures for byssal synthesis are therefore likely to indicate the most favourable
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temperature range for growth. A knowledge of the optimum temperature range for growth
of bivalves is essential to an adequate selection of aquaculture sites (Lodeiros et al. 2001),
and determination of the optimum temperature for byssal attachment may be a simple way
to estimate the temperature range most favourable for growth.

Unlike several other scallops in which adults lose the capacity to synthesise byssus,
small adult lion’s paw scallops (size range of 50 to 60 mm) retained this capacity,
although it decreased as scallop size increased. This is in agreement with Caddy (1972),
who reports that small Placopecten magellanicus are more active in byssus formation than
larger individuals. The range of temperatures at which N. nodosus was byssally attached,
however, was wider for spat than for juveniles and adults. Adults displayed higher
percent attachment between 20°C to 27°C and juvenile attachment was highest between
23°C and 27°C. However, differences between adults and juveniles in the temperature
range for maximum attachment may be explained by logistic constraints that prevented
experiments with adults to be carried out using narrower temperature intervals, and may
therefore be more apparent than real. Spat, on the other hand, displayed maximum percent
attachment over a wider range of temperatures (15 to 27°C) than adults and juveniles.
These results agree with others in the present study, in which spat displayed a wider
temperature and salinity tolerance than juveniles and adults. The proportion of attached
spat reached an equilibrium over time within a wide range of temperatures, which is in
agreement with the observations of Caddy (1972). The rate at which scallops become
byssally attached at a given temperature is therefore more meaningful for estimating
optimum temperatures than the final percent attachment. Spat exposed to a temperature of

15°C had a slower rate of byssal attachment than those exposed to temperatures from 19°C
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to 27°C. Whereas spat exposed to 19°C to 27°C reached a maximum attachment at 12-h
exposure, those at 15°C took 48 h to reach a similar percent attachment. At 31°C byssal
attachment decreased with time, strongly suggesting that the spat were physiologically
stressed. Thus the optimum temperature for synthesis of byssal threads in spat lies
between 19°C and 27°C, which could be an indicator of the most favourable temperatures
for physiological function and consequently growth. These results agree well with
findings obtained in Chapter III, where growth rates of N. nodosus spat in the field-based
nursery were significantly reduced when seawater temperature was below 19°C even
though food availability was high. Juvenile N. nodosus in the present experiment
displayed a significantly lower rate of byssal attachment at 19°C, and never reached the
percent attachment attained at 23°C and 27°C, suggesting that the most favourable
temperatures for juvenile growth lie between 23°C and 27°C. The results for adults, are
less conclusive, since data were not obtained for temperature intervals between 20°C and
27°C. A decrease in percent attachment was recorded at 27°C, between 24 and 48 h after
exposure, suggesting that this temperature may be stressful for the adults. In summary,
the temperature range at which byssal synthesis was maximised in adults and juveniles
was narrower than that for spat.

Several studies have demonstrated that growth is a complex function of several
environmental factors, food availability and temperature being of major importance
(Bricelj and Shumway 1991, Thompson and MacDonald 1991). Estimates of optimum
temperatures for byssal attachment from the present study may be a good indicator of the
range of temperatures most favourable for growth of N. nodosus at different life stages.

However, such results should be interpreted with care, and may be predictive of growth in
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the field only in situations where food availability is not limiting, and in the absence of
other factors impeding the normal physiological functions of food acquisition and
utilisation. Further studies using physiological integration indices such as the scope for
growth (Thompson and MacDonald 1991) or scope for activity (Bayne et al. 1976, Sicard
et al. 1999), as well as measuring growth rates at different temperatures, would be useful
to establish a relationship with byssal attachment, and provide further insights into the
applicability of the rate of byssal attachment as a predictor of favourable conditions for
growth in scallops.

The present results for lethal and sublethal temperatures and salinities suggest that
from a biogeographic perspective these factors may be important determinants of the
distribution of N. nodosus along the Brazilian coast. It is likely that the cold sub-Antarctic
waters, with temperature below 15°C, that influence southern Brazil during winter (Castro
and Miranda 1998), along with low salinity (ca. 29 psu) water advected from Rio de la
Plata, Lagoa dos Patos (Sunyé and Servain 1998) and other coastal lagoons, are important
barriers preventing the distribution of the lion’s paw scallop further south than the
surroundings of Santa Catarina Island. Furthermore, the discontinuous distribution of N.
nodosus along the Brazilian coast (Smith 1991) has not received much attention. From
Venezuela to southeastern Brazil, there are only scattered reports of specimens collected
in Recife (Pernambuco State) and Salvador (Bahia State), and no records of the existence
of populations. Based on the tolerance limits of salinity and temperature, the
discontinuous distribution of N. nodosus on the northern, northeastern and eastern coasts
may be explained by two major features: the presence of large rivers such as the Amazon,

Sdo0 Francisco and others, from which low salinity waters extend several miles offshore;
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and high temperatures, in some areas exceeding 30°C, which together with the
oligotrophic Brazil Current, may be unsuitable for the establishment of this species.

In conclusion, N. nodosus from a population at the high-latitude limit of distribution
can be characterised as eurythermal, but stenohaline tropical species. Adults have a lower
tolerance to salinity and temperature than spat. Salinities and temperatures at a coastal
aquaculture site (Chapter III) in southern Brazil reach sublethal levels, causing a decrease
in the rate of byssal attachment, and therefore possibly inhibiting growth of spat.
Furthermore, there was a significant interaction between salinity and temperature, so that
scallops were more vulnerable to low salinity events when exposed to summer
temperatures. Lethal temperatures and salinities for N. nodosus were not far from the
extreme values recorded in coastal waters in southern Brazil, lethal limits possibly being
reached at some of the shallow aquaculture sites. Maximum rate of byssal attachment
occured at 19-27°C and 23-27°C for spat and juveniles, respectively, and these
temperatures are suggested to be the most favourable for growth, assuming that there are
no other inhibiting factor. The results of the present study will assist in the establishment

of criteria for adequate site selection for scallop aquaculture in Brazil.
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Table V.1. Experimental conditions for the salinity tolerance bioassays with different size scallops (adults, juveniles, spat).

Size class

Experimental Test salinities No. Container | Mean shell Mean dry Temp. in | Acclimation period
temperature (psu) scallops/ | volume | height (mm) | tissue weight the field at experimental

°C) container L) (+sd) (mg) (+ sd) “c)® temperature (days)
Adults 23.5 33,29,25,21,17,13 7 8 54.4 (4.5) 1,760 (500) 22.8 4
Juveniles 23.5 33,29,25,21,17,13 5 5 25.5(1.7) 100 (20) 22.8 9
Spat 23.5 33,29,25,21,17,13 7 1.8 6.1 (0.5) 2.1(0.32) 25.7 3b
Spat 16 33,29,25,21,17,13 7 1.8 6.7 (0.58) 3.12 (0.85) 25.7 8°
Spat 28 33,29,25,21,17,13 7 1.8 7.5(0.71) 5.1(1.3) 25.7 79

(a) when scallops were retrieved from the field site.

(b) temperature decrease of 2.2°C day'l (1 day) prior to reaching experimental temperature.
(c) temperature decrease of 2°C day™ (4 days) prior to reaching experimental temperature.

(d) temperature increase of 2.3°C day™ (1 day) prior to reaching experimental temperature.
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Table V.2. Experimental conditions for the temperature tolerance bioassays with different size scallops (adults, juveniles, spat).

Size class Test Salinity |No. scallops | Container | Mean shell | Mean dry Temp. in Temp.
temperature (psu) / container | volume (L) | height (mm) tissue the field* | acclimation
°C) (+ sd) weight °0C) in lab
(mg) (* sd)
Adults 35,31, 27, 33 7 8 54.2 (4.27) | 1,680 (320) 25.2 27.0°
20, 15, 11
Juveniles 35, 31, 27, 33 7 3.8 27.2(1.67) | 180 (57) 27.5 27.0
23,19, 15,11
Spat 35,31, 27, 33 7 1.8 6.1 (0.49) | 2.14(0.32) 27.5 27.0
23,19, 15,11

(a) when scallops were retrieved from the field site.
(b) Acclimation in laboratory for 7 days at experimental temperature prior to beginning of the experiment.



Table V.3. Median lethal salinities (LCso) (psu), for Nodipecten nodosus spat at acclimated
temperatures of 16°C, 23.5°C and 28°C, and juveniles and adults at a
temperature of 23.5°C.

Size class

Adults Juveniles Spat Spat Spat

Experimental 23.5°C 23.5°C 23.5°C 16°C 28°C

temperature (OC) LCsg LCso LCso LCso LCs
Exposure time

12-h 20.5 21.7 20.08 18.37 19.67

24-h 21.9 22.7 20.1 18.92 20.24

36-h 22.9 23.3 20.11 19.3 20.55

48-h 23.2 23.6 20.11 19.85 21.33

72-h 23.2 23.6 20.42 20.35 22.37

96-h 23.6 23.6 21.22 20.47 22.94
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Table V.4. Median lethal temperature (LTso) (°C) for Nodipecten nodosus spat, juveniles

and adults for exposure periods from 6 to 96 h.

Exposure time Adults Juveniles Spat
6-h 32.56 33.03 33.67

12-h 31.64 31.94 32.72
24-h 30.84 30.47 32.81
48-h 29.87 29.89 31.83
72-h 29.16 30.33 31.42
96-h 28.04 29.44 30.26
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Figure V.1. Percentage survival of Nodipecten nodosus exposed to different salinities at an

ambient temperature of 23.5°C. A — spat, B — juveniles, C — adults.
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CHAPTER VI

Summary

174



The main objective of the present study was to understand how variation in food
availability, temperature and salinity affect growth, survival and byssal attachment of a
subtidal bivalve, the scallop Nodipecten nodosus, from a subtropical coastal environment
during early benthic life stages. The optimization of growth and survival of N. nodosus, a
prime candidate species for aquaculture in Brazil, will be essential for the establishment
of a successful aquaculture industry, and the present study provides much of the
biological information necessary to facilitate the development of scallop farming in
Brazil.

Survival of marine bivalves is only possible within certain limits of abiotic and
biotic environmental factors (Dame 1996), and growth, which results from the integration
of the physiological processes of energy acquisition and expenditure (Bayne and Newell
1983), occurs within a narrower range than survival (Kinne 1970a). Several abiotic
environmental factors affect growth and survival of marine invertebrates, including
temperature, salinity, dissolved gases, turbidity and water movement (Kinne 1970a).
Most lamellibranch bivalves, including pectinids, are suspension feeders, relying on
phytoplankton as the main food source (Bricelj and Shumway 1991), except for a period
during or early after metamorphosis, when the feeding structures and digestive system are
under development and possibly not functional (Sastry 1965, Hodgson and Burke 1983).

The early benthic life stage, when feeding structures are not fully developed
(Beninger et al. 1994), is critical for bivalves, especially for pectinids, in which gill
development is more protracted than in other bivalves (Veniot et al. 2003). Few studies

have focused directly on the influence of food availability on scallops under laboratory
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conditions early after metamorphosis (O’Foighil et al. 1990, Reid et al. 1992, Whyte et al.
1992), and the contribution of endogenous energy reserves and different food sources to
growth remains unclear. Furthermore, few studies have considered the importance of a
wide array of environmental factors in the field during the postlarval and early juvenile
stages (Bourne and Hodgson 1991, Grecian et al. 2000), and none have been carried out
with a tropical species at its high-latitude distribution limit. At the limits of distribution,
tropical species are exposed to the broadest temperature variation of its geographic range
(Levinton 2001). In addition, in southern Brazil, an unusual pattern of variation of
temperature and food availability in opposite directions may occur, and the question
remains whether seasonal signals are strong enough to significantly influence growth and
survival of postlarval and juvenile scallops, an important consideration in aquaculture.

The present study examined the influence of food availability on survivorship and
growth of postlarval Nodipecten nodosus (Chapter II) and the influence of several
environmental factors on the performance of postlarval and juvenile scallops (Chapters
III, IV and V) as well as adults (Chapter V), under laboratory and field conditions.

In Chapter II, it was shown that the presence of a biofilm on the surface of the
collectors significantly enhanced postlarval settlement, but conferred no nutritional
benefit, as reflected by minimal shell growth. Furthermore, energy reserves accumulated
during the larval stage were sufficient to sustain metamorphosis, limited shell growth and
high survival in the absence of exogenous food for several days, giving no indications of
food deprivation-induced mortality for at least nine days post-set. However, 5 days after
settlement, at a shell height of about 250 um, postlarvae fed a low algal concentration (ca.

4.7x10° cells mL™") were significantly larger than those in the other treatments, providing
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evidence that exogenous suspended food becomes important for sustaining growth, but a
high algal concentration (ca. 4x10* cells mL™) was detrimental. Approximately ten days
after settlement (shell height ca. 300 pm), the feeding demand of postlarval scallops
significantly increases, as demonstrated by the higher content of pigments in the gut. An
alternative explanation for the high mortality of scallops often recorded early after
metamorphosis in aquaculture settiﬁgs, other than the depletion of endogenous reserves,
is proposed in the light of recent studies on the immune system, which suggest that
scallops are more vulnerable to bacterial infections than some other bivalves.

Chapter III demonstrated that in a coastal subtropical aquaculture site in southern
Brazil seawater temperature, which displayed a magnitude of variation similar to that
recorded in some temperate-boreal regions (c.a. 12.5°C), was the major environmental
factor affecting growth of postlarval N. nodosus. Food availability, as expressed by
concentrations of chlorophyll-a and seston indices, had a negligible influence on growth.
Low salinity and high turbidity, concurrent with a period of heavy rainfall, reduced
growth rates and possibly percentage retrievals. In southern Brazil there is a wide
window of opportunity for deployment of scallops in the sea-based nursery, with
favourable conditions for growth occurring throughout most of the year, except when the
temperature is below 20°C for part of the winter — early spring. Furthermore, at a size of
0.5 mm (ca. 2 weeks post-set), scallops deployed in the sea-based nursery begin to grow
faster than those maintained under laboratory conditions for longer periods. As a result,
scallops deployed in the sea at about 0.5 mm attained a larger shell height at retrieval than
those deployed at sizes ranging from 0.7—1.1 mm, thereby reducing the culture period

required to achieve a size (ca. 5 mm) at which scallops could be transferred to pearl nets
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in about 2—3 weeks. In addition, percentage retrievals were similar when scallops
deployed at different sizes (0.5-1.1 mm) were retrieved simultaneously from the sea-
based nursery, so it is more advantageous to deploy spat in the sea approximately two
weeks after settlement.

In Chapter IV it is demonstrated for the first time that sub-surface intrusions of
cold and phytoplankton-rich South Atlantic Central Water (SACW), which normally
influences the inner continental shelf, invade a near-shore (< 0.5 km) coastal environment
in late summer—early autumn. Furthermore, despite the higher phytoplankton biomass
recorded at 12 m as a result of this water mass, growth of postlarval scallops was highest
at 4 m, where there was no influence of SACW. The observed reduction in growth at 12
m was explained by a wide temperature oscillation (ca. 10°C in less than 24 h), together
with higher inorganic content of the seston. Furthermore, growth was similar at both
depths in late autumn—early winter, when SACW was absent. A stocking density of 340
spat collector” resulted in a slight reduction in growth compared with a density of ca. 150
spat collector'l, but survival was similar.

In Chapter V, a laboratory-based ecophysiological approach was used to
determine lethal and sublethal effects of temperature and salinity stress on different size
scallops. As aresult, N. nodosus can be characterised as a eurythermal but stenohaline
tropical épecies. Adults had lower tolerance to temperature and salinity than spat, and
this increased susceptibility coincided with the onset of sexual maturation. Salinity and
temperature at a coastal aquaculture site in southern Brazil can reach levels that result in
sublethal effects such as a decreased rate of byssal attachment, possibly reducing growth

and retrievals of cultured spat at certain times of the year. Furthermore, there is a
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significant interaction between salinity and temperature, so that scallops are more
vulnerable to low salinity events when exposed to summer high temperatures. Lethal
temperatures and salinities for N. nodosus are not far from the extreme values recorded in
coastal waters in southern Brazil, and may occasionally be reached in some of the bivalve
aquaculture sites. The maximum rate of byssal attachment occurs at 19-27°C and 23—
27°C for spat and juveniles, respectively, and these temperatures are probably the most
favourable for growth, assuming the absence of other adverse factors. In order to obtain
high growth and survival during nursery, intermediate culture and final growout, farming
of N. nodosus requires sites at which salinity does not fall below 29 psu and temperature
does not expeed 28°C.

In summary, this study demonstrat.;ed that exogenous algal food becomes
important to growth of N. nodosus approximately 3-5 days after metamorphosis (ca. 230—
250 pum shell height). Approximately 2 weeks after settlement, when a shell height of
500 pm is attained, deployment of spat to the sea-based nursery becomes a feasible
aquaculture approach. At this size postlarval scallops rely on phytoplankton as the major
food source, displaying significantly higher growth rates when deployed in the sea.
Furthermore, at this stage seasonal environmental changes significantly affect growth of
postlarvae in a coastal subtropical marine environment, in which food is not a limiting
factor, but growth is primarily determined by temperature. Other factors resulting from
meteorological processes, such as a decrease in seawater salinity and an increase in
turbidity, are also important. Temperature and salinity in aquaculture sites in southern
Brazil may reach levels leading to lethal and sublethal effects on scallops, and must

therefore be considered when establishing aquaculture sites and practices.
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The findings of the present investigation expand current knowledge about the
importance of different food sources for scallops early after metamorphosis, and increase
our understanding of the spatial and temporal variability of environmental factors in a
coastal subtropical marine ecosystem. Furthermore, this study enhances our
comprehension of the effects of food availability, temperature and salinity on survival,
growth and synthesis of byssal threads of a tropical scallop at its high latitude distribution
limit, Finally, this study provides an important biological basis to assist in the
development of scallop farming, proposes strategies to enhance nursery culture, and
establishes criteria for adequate site selection, thereby advancing scallop aquaculture in

Brazil.

In summary, the major results from the present study are:

° The presence of epiflora on the spat collectors significantly increases settlement but
not growth of postlarvae. Either no pedal feeding behaviour is displayed by Nodipecten
nodosus or the microalgae attached to the spat collectors (Melosira sp.) are unsuitable for
this scallop.

. Suspended algae start to influence growth 3 to 5 days post-set, at a shell height
between 200 and 250 pm, and a high cell concentration (4x10* cells mL™") is detrimental
to growth and survival early after metamorphosis.

o Absence of exogenous food does not limit survival for at least 9 days post-set and
acquisition of exogenous food starts well before that. Therefore the exhaustion of

endogenous reserves does not explain postlarval mortality.
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. There is a sharp increase in feeding demand between 10 and 16 days post-set, at a
shell height of 300 — 400 pm, which is probably associated with critical events in gill
morphogenesis.

. Observed variation in growth of postlarval scallops in the subtropical waters off
Santa Catarina State is related to variation in seasonal environmental factors, temperature
being the major factor affecting growth.

o During periods when the temperature is below 20°C, growth of postlarval scallops is
significantly reduced, but food availability, as expressed by concentrations of
chlorophyll-a, is not a factor limiting growth.

o Periods of low salinity (< 29 psu) and high turbidity associated with heavy rainfall
are detrimental to growth and possibly retrievals of postlarvae.

. There is a wide window of opportunity (temperature > 20°C) to deploy postlarvae to
the sea-based nursery, in which growth is maximized.

. Growth of postlarvae is significantly enhanced after transfer to the sea-based
nursery 2 weeks post-set (0.5 mm), and there is a trade-off between higher growth in the
sea-based nursery and higher percentage retrieval in the land-based nursery. However,
retrievals of postlarvae deployed in the sea-based nursery at sizes ranging from 0.5 to 1.1
mm are similar, so it is more advantageous to deploy them at 0.5 mm.

o The greatest loss of spat occurs during transport and/or early after deployment in the
sea-based nursery, due to detachment from the spat collectors.

. Subsurface intrusions of SACW affected the coastal site (<0.5 Km) at a depth of 12

m during late summer-early autumn, but not during the late autumn-early winter.
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° In late summer — early autumn, high PIM and oscillating temperature (ca. 10°C)
reduced growth of postlarvae at 12 m, but not survival.

. Postlarvae cultured at high density (340 spat/bag) displayed a slightly smaller shell
height than at 150 spat/bag, but survival was similar between densities, resulting in higher
yields (no. spat / bag) at higher density.

° Deploying postlarvae in the sea-based nursery using a sub-surface long-line resulted
in high percent retrievals (70-80 %) at 4 and 12 m.

. N. nodosus at its southern distribution limit is a eurythermal but stenohaline tropical
species. High survival occurs at temperatures between 15 and 27°C. Although high
survival is recorded at 29 psu, the percentage byssal attachment is significantly lower than
at 33 psu, indicating that scallops are physiologically stressed at 29 psu and below.

. Postlarvae (shell height 0.5-0.8 mm) had greater tolerance to high temperature and
low salinity than juveniles (shell height 20-30 mm) and adults (shell height 50-60 mm),
probably due to the additional energy demand of sexual maturation in the larger scallops.
° N. nodosus is more vulnerable to low salinity at higher temperatures, and therefore,
during summer scallops may be more susceptible to periods of low salinity.

o Salinity and temperature at a coastal site in Santa Catarina can reach levels resulting
in sublethal effects (reduced byssal attachment), possibly influencing growth and retrieval
of cultured scallops.

° Lethal temperatures and salinities for N. nodosus are not far from that recorded in
coastal sites off Santa Catarina State and may be occasionally reached at some
aquaculture sites. Therefore, criteria for adequate site selection for culturing N.

nodosus should be based on the results of the present study.
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. The greater percentage of byssal attachment for postlarvae occurs at 19 — 27°C, and
for juveniles and adults at 23 — 27°C, which can be considered the most favourable

temperature ranges for growth of N. nodosus.
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