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Greater ability to bind with organic matter from water
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Clay particles may be more effective than algae treatments in the
culture water of week-old cod larvae raised in controlled commercial
environments. Photo by Gunvor Qie.

In intensive rearing of marine fish, the addition of microalgae to the culture water has a beneficial
influence on survival and growth. The effect has mainly been attributed to improved foraging
conditions and a beneficial nutritional impact. Suspended particles in the water may also have a
significant impact on the microbial environment and as a consequence affect the establishment of the
primary microflora of larvae.

Live microalgae have a positive effect on both the microbial environment of the culture water and the
initial bacterial colonization of the guts of the culture fish. Microalgae like Nannochloropsis oculata
and /sochrysis galbana are therefore typically used to condition rearing water in intensive marine
aquaculture. Algae paste and other commercially available concentrates of microalgae, which save
labor compared to the production of live algae, are also used to create “greenwater” in larval rearing.

Both live microalgae and algae paste have been substituted by clay in a recently developed first-feeding
protocol for the larvae of halibut (Hippoglossus hippoglossus). Clay is more cost effective than algae
or algae paste, and has a stable and predictable quality. On the other hand, clay does not contribute to
feeding the fish larvae.

Microbial effects

In marine fish larvae culture water, live algae, algae concentrates, and clay particles represent different
degrees of organic contribution and associated bacteria and surface properties, and may have different
effects on the microbial community. Live algae cultures contain algae cells, associated bacteria, and
algal metabolites, including antibacterial compounds. Algae paste is a mixture of weakened cells, cell
remnants, organic material, and perhaps algal metabolites.

A comprehensive [ crew rights

st
solution for the [¥ Food safety . I%fgtf:tices
wild seafood [¥4 Environmental

= . supplychain. e

_(h_ttp:/ bspertiﬁcation.org[)_

In contrast to algae, clay contributes little organic or microbial load to fish tanks, and may on the
contrary adsorb organic material and perhaps even viruses and bacteria. Whereas algae can serve as
food for larvae and live feed, clay has no nutritional value.

The majority of the colloidal suspension in intensive fish culture water consists of bacteria associated
with feces and feed particles. The addition of particles to form aggregates, followed by siphoning of
aggregates settled on tank bottoms or removal of flocs by surface skimmers may be a means to
transport organic wastes and a fraction of the bacteria out of larval tanks.

Water exchange
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The opportunity of utilizing particles for bacteria and organic matter removal may especially make a
difference during the early larval period of low water exchange rates. Exchange of water removes
surplus feed, feces, bacteria, organic matter and waste compounds from rearing tanks.

At low exchange rates, additions of live feed and algae with associated microflora have a relatively
larger influence on water quality than at higher exchange rates. The necessity of keeping appropriate
live prey concentrations and sensitivity of larvae to mechanical disturbances limits water exchange
during the early larval stage.

Cod research

For larvae of cod (Gadus morhua), daily water exchange is often set to one to two times the tank
volume during the first week after hatching. Consequently, the larvae benéefit relatively little from
external water treatment. However, treatment of the culture water already inside the fish tanks by the
addition of particles may be a way to reduce levels of bacteria and organic matter.

In a recent experiment conducted as part of the strategic CODTECH research program financed by the
Norwegian Research Council, the authors compared the effects of live microalgae, algae concentrate,
and clay on the bacterial community and organic matter in larval fish tanks.

Study setup

Five 70-liter tanks with central diffuser aeration and sand-filtered seawater were kept stagnant at 12
degrees-C for 24 hours. The water exchange rate was thereafter set to 200 percent daily. To three tanks
were added /sochrysis galbana microalgae at 2 mg C/l, Nannochloropsis oculata algae paste at 2 mg
C/l, or clay particles larger than 200 p at 100 mg/I. All tanks except one negative control received 25 ug
yeast extract per milliliter to simulate increased substrate.

The “greenwater” treatments with added live microalgae or algae paste initially had 8.2-8.9 x 10*
particles per milliliter in the 3- to 20-u size range. Algae paste particles settled out of the water column
more quickly than live algae and clay and after two hours were reduced to 1.8 x 10* particles per
milliliter.

Results

In this study, clay showed greater ability to bind with organic matter from the water than the other
particles. The clay transported more organic matter to the tank bottom than live or concentrated
microalgae (Fig. 1). In addition, while the particulate organic matter (POC) measured in the clay tank
consisted solely of organic matter from the water column, algae cells themselves contributed to the
POC measured, which effectively made the difference in transport even larger between the particle
types.
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Fig. 1: Settled particulate organic matter on tank bottoms and
dissolved organic matter concentrations 2 cm above tank bottoms 24
hours after substrate addition in experimental tanks.

The bacteria numbers in tanks might be expected to increase with increasing dissolved organic carbon
(DOC) concentration, as DOC provides substrate for heterotrophic bacteria. If clay can be used to
transport DOC out of the water column, it may reduce the potential for bacterial growth in the first
feeding tanks.

All techniques reduced initial bacterial proliferation after nutrient shift-ups. The bacterial community of
the relatively low-temperature water immediately responded to the induced nutrient increase to a final
level of 9.8 x 10° colony-forming units (CFU) ml-'. The increase was less pronounced in all greenwater
qualities, which had 1-6 times lower bacterial numbers (Fig. 2).
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Fig. 2: Bacteria colony-forming units on marine agar (bars) and
percent opportunistic bacteria (numbers above bars) in the
experimental tanks 10 hours following substrate addition.

Live algae-associated bacteria seemed to contribute to the bacterial load, but on a moderate level. The
nutrient up-shift stimulated blooms of opportunistic bacteria in all water treatments, but the use of
greenwater techniques seemed to slightly delay their proliferation (Fig. 2). The Vibrio species fraction of
the total bacterial community remained at a level below 3 percent, except for the two clearwater
qualities, which both had a peak of 11 percent two to six hours after the up-shift.

Cod larvae 30 days post-hatch.
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(Editor’s Note: This article was originally published in the July/August 2007 print edition of the Global
Aquaculture Advocate.)
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