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SUMMARY

The objective of this research was to find a nematode species that could replace the use of
Artemia and rotifers as a fish and shrimp feed in aquaculture hatcheries. Panagrellus redivivus
is shown to be the most promising nematode of all the species tested. An inexpensive medium
containing bovril, yeast extract and corn oil/fish oil was developed for the culture of this species.
It is demonstrated that P. redivivus can be mass produced using conventional fermentation

technology and formulated into a carrier matrix such as sodium alginate gel.

Present research demonstrates that the fatty acid profile of the nematode can be manipulated by
the addition of fish oil rich in highly unsaturated fatty acids (HUFAs) to the growth medium of
the nematode. This produces an increase in the essential fatty acids (EFAs) such as
eicosapentaenoic acid (20:5w-3) and docosahexaenoic acid (22:6w-3). It is also shown that P.
redivivus can be pigmented with astaxanthin by the addition of carophyll pink to the growth
medium. The overall nutritional profile of P. redivivus was modified to be similar to that of

Artemia.

Fish and shrimp trials undertaken using P. redivivus alone revealed that it could not support the
growth and development of Scopthalmus maximus, Pleuronectes platessa, Ctenolabrus rupestris
and Clupea harengus. However nematodes pigmented with astaxanthin and enriched with

HUFAs support good growth and survival of Penaeus indicus larvae.
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INTRODUCTION



INTRODUCTION

Farmed shrimp production particularly in Asia and South America is growing rapidly. Overall
shrimp production in 1965 increased from 0.7 million tons to 2.5 million tons in 1990 and may
exceed 3.2 million tons by the year 2000 (Csawas, 1994). The Food and Agriculture
Organisation of the United Nations (FAO) reported volumes of farmed shrimp reaching 884,075
tons in 1992 (Cited in Fish farming 1994) making this 30% of the global shrimp supply in 1992
(Csawas, 1994; Landsman, 1994). The shrimp industry provides one of the major sources of
income in developing countries eg. Ecuador, Bangledesh, Phillippines (Landesman, 1994). The
major culture species are P. monodon (49.8%), P. chinensis (13.8%) and P. vannamei (15.5%)
(Csawas, 1994). P. indicus is cultured extensively in shrimp farms throughout Southeast Asia,
mainly in the Philippines and constitutes 5.4% of the total farm raised shrimp production in 1992
(Weidner and Rosenberry, 1992).

For many years shrimp farms have supplied their seed requirement from wild caught postlarvae.
However wild seed stocks are limited and cannot meet the demand of the fast growing industry
that needs a continuous supply of post larvae throughout the year. Hatcheries have been
established to meet these demands of the shrimp industry over the last few decades. These
hatcheries rely on wild collected gravid females for the production of shrimp nauplii. Hatching
management requires a proper water quality control and appropriate feeding regimes. In large
well equipped hatcheries, seawater used in larval culture is generally filtered and UV treated to

prevent disease breakout.

The larval stages of marine aquaculture organisms, including both penaid prawns and fish such
as turbot also require a live feed with a suitable nutritional composition under natural conditions.
This can cause problems for hatcheries in terms of ensuring a regular supply of good quality feed.
At present, penaeids are fed with microalgae, grown on site, weaned onto the brine shrimp
Artemia and then fed pelleted or flake feeds. Marine fish larvae are either fed on rotifers, which

again are grown on site or if large enough with Artemia.



Table 1. The use of a mixed algal diet for shrimp larvae.(After Jones et al.,1993).

Species Feed type Density Stage Survival % Author
P. aztecus Skeletonema costatum 6-10 x10° cells Z1-M1, 50.0 Cook (1967)
Artemia 10 nauplii Z3-PL1
P. indicus Thalassiosira weisflogii 4x10° cells N6-PZ1 95.0 Emmerson (1980, 1984)
7x10° cells PZ1-PZ3
2x10° cells PZ3-M3
P. indicus Chaetoceros gracilis (40%)/ 30-40x10°* cells PZ1-PZ3 61.0 Galgani and Aquacop (1988)
Platymonas sp. (40%)/ Isochrysis
aff. galbana (20%)
Artemia 1-2 nauplii MI-PL1 60.0
P. japonicus C. gracilis 50-125x10° cells PZ1-PL1 46.0 Rodriguez et al., (1994)
Artemia 3-7 nauplii MI1-PLI 7.7
P japonicus C. gracilis 50-125x10° cells PZ1-PL1 79.8-84 Le Vay et al., (1993)
Artemia MI-PL1
P. kerathurus S. costatum 50-100x10° cells PZ1-PZ3 72-89 Yufera et al., (1984)
Brachionus plicatilis M1-M3
Artemia PLI-PL3
P. marginatus Chorella sp. 250-300x10 cells PZ1-PL8 60.0 Gopalakrishnan (1976)
Artemia 1-3 nauplii PZ3-PL10 58.0
P. monodon Tetra selmis chuii 45x10°cells PZ1-PL1 66.15 Kumarly et al. (1989a)
Rhinemonas reticulata 45x10°cells 66.21
T. chuii / R. reticulata (1:1) 45x10°cells 63.49
Artemia 5 nauplii
P. monodon T. chuii / R. reticulata (1:1) 40x10° cells PZ1-M1 86.0 Jones et al., (1989)
Artemia 5 nauplii M2-PL1
P. monodon T. chuii 50-100x10° cells Z1-M3 50.2 Tobias-Quinitio and Villegas (1982)
C. calcitrans 50-100x10° cells Z1-M3 47.1
Artemia 2-5 nauplii M2-M3
P. vannammei S. costatum / C. gracilis (1:1) 140x10° cells PZ1-PL1 88.8 Wilkenfeld et al., (1984)
Artemia 3 nauplii MI1-PL1 88.8
P. setiferus S. costatum / C. gracilis 140x10° cells PZ1-PL1 91.8 Wilkenfeld et al., (1984)
Artemia 3 nauplii M1-PL1 93.8
P. stylirostris S. costatum / T. fluvitalis (1:2.5) 140x10° cells PZ1-M1 99.0 Kuban et al., (1985)
Isoschrysis sp. / T. chuii (1:2.5) 140x10° cells PZ1-M1 96.0




LIVE FEEDS.

Penaeid larvae have a non feeding stage called a nauplius which has 5-6 stages. The larva pass
through 3 protozoeal stages (PZ1-3) followed by 3 mysis stages (M1-3) before reacing the
postlarval stage (PL). Penaeid shrimp larvae in hatcheries are reared on microalgae (diatoms,
flagellates, etc.) during zoeal stages. They are then fed zooplankton (Artemia, rotifers) during
later stages (Hudinaga, 1942; Aquacop, 1983; Liao et al., 1983). Production of live diets at a
commercial scale is complicated, expensive and unreliable in supply and nutritional value
(Soorgeloos et al., 1983; Langdon et al., 1985; Jones et al., 1993). Artemia is the most practical
animal prey, but limited resources, high cost of the cysts and nutritional variability are the
disadavantage of this live food source (Sorgeloos, 1980; Watanabe et al., 1983; Leger et al., 1985,
1986). The use of a mixed algal diet for penaeid shrimp larvae always gives superior survival,
growth and development to a single algal species (Kuban et al., 1985; Amjad, 1990) due to their

more balanced nutrient content (Tablel).

The search for a cheaper more nutritionally adequate and practical larval feed source has been
directed towards other live zooplankton and artificial diets. Formally live zooplankton, rotifers
(Brachionus plicatilis) were extensively used to feed penaeid larvae (Liao et al,1983, Yufera et
al, 1984). However use is limited due to the difficulties in culture and poor nutritional quality
ie. in the lack of Highly Unsaturated Fatty Acids (HUFA) (Watanabe et al., 1983). Live free
living nematodes such as Panagrellus redivivus were suggested as a potential alternative to live
feed source to replace Artemia in the culture of several penaeid species (Wilkenfeld et al., 1984;
Biedenbach et al., 1989). Most nematodes can be cultured easily in a cheap growth medium in
large quantites and it has been suggested that their nutritional value can be modified by loading

the alimentary canal with growth factors such HUFA (Kahan et al, 1980; Rouse et al., 1992).

Of all the possible live foods that are available to fish and shrimp larvae, Artemia has been found
to be suitable food for the most diversified groups of oganisms of the animal kingdom, eg.
foraminifers, coelenterates, flatworms, polychaetes, squids, insects, chatognaths and a wide
variety of both marine and freshwater crustaceans and fishes (Sorgeloos, 1980). Success is

mainly due to the ease of culture and nutritional content. The first significant advancement in



the use of Artemia was made in the USA (Seal, 1933) and Norway (Rollefsen, 1939). They
discovered that the nauplius stages of the larval Arfemia makes an excellent food source for
shrimp and fish larvae. The main advantage in using Artemia is due to the dry cysts formed
which are inactive embryos. These cysts remain viable for up to a year making them easy to
transport and for this reason they are widely used commercially. The hatching of the cysts is
initiated by incubating the cysts in salt water for up to 24h to produce free swimming larvae.

Artemia have been successfully used for rearing the larval stages of a variety of shrimp, in
particular Macrobrachium and Penaeus sps, which depend on Artemia for a long period of time

in their development (Bledsoe et al., 1978).

Several different strains of Artemia were soon recognised (Watanabe et al., 1978, 1979; Fujita
et al., 1980). Watanabe et al., (1978) analysed Artemia cysts and nauplii from different locations
and it was demonstrated that Artemia could be classified into two types by their fatty acid
composition, one contained a high amount of linolenic/octadeca-9,12,15-trienoic acid (18:3w3)
which is an essential fatty acid (EFA) for freshwater fish and the other was high in the content
of eicosapentaenoic acid (20:5w3) and docosahexaenoic acid (22:6w-3) which were EFAs for
marine fish (Watanabe et al., 1978,1993). Watanbe et al., (1980) clearly demonstrated that the
content and class of fatty acid contained in Artemia are the principal factors in the food value of
Artemia fed to fish and shrimp. Red sea bream juveniles (Pagrus major) showed a high mortality
when fed freshwater Artemia. However there was a high survival rate when juveniles were fed
Artemia cultures from a marine type environment. When the fatty acid profile of Artemia was
analysed it was found to vary from place to place and sometimes differed from year to year
(Fujita et al., 1980). Artemia cysts from different localities (San Francisco, Canada and China)
were analysed for their fatty acids composition of EFAs and differences were also observed

between the batches.

Artemia produced in different locations showed a similar mineral composition regardless of
where they came from. Roeder and Roeder, (1966) reported that a low dietary value of Artemia
was due to the low iron which was observed to be several times higher in Artemia from South
America and Canada (Watanbe et al., 1983). Results of a detailed characterization study of five
selected strains of Artemia are reported by {Johns and Walton, (1979); Beck et al, (1980); Johns



et al.,(1980); Klein-Macphee et al., (1980); Olney et al., (1980); Schauer et al., (1980) and Seidal
et al., (1980)} cited in Sorgeloos, (1980).

Matsuoka (1975) reported that Chinese Artemia were unable to support the growth and
development of Macrobrachium rosenbergii larvae. Pesticide analysis revealed 5 to 10 times
higher concentrations of DDT in Chinese Artemia compared to San Francisco Bay Artemia. A
bad performance of Artemia was also reported from Great Salt Lake and it was thought that
residual pesticides accumulate in the Artemia (Slobodkin, 1968) and that Artemia produce an
immunity to these alkaloids by concentrating them in the cysts (Provasali, 1969) cited in
Sorgeloos , (1980). Alternatively it was thought that there might be a mineral deficiency in the
lake (Oppenheim, in Provasili, 1969). Much effort has been made to reduce the amount of
pesticides in Artemia. As a result contaminants such as DDT are no longer a problem in the
1990's. However the source of supply of Artemia has become a major problem for the
aquaculture industry (Sorgeloos, 1983). Harvests from natural lakes have fluctuated drastically
in recent years producing shortages and high prices. Since Biedenbach et al., (1989)
demonstrated the use of nematodes as a suitable replacement for Artemia, there has been a
limited use of nematodes in some penaeid hatcheries, but their application is limited by
difficulties of supply and cost effectiveness. The objective of this research is to identify suitable
nematodes species for culture and to test their nutritional quality for marine, fresh water fish and
penaeid shrimp larvae. Present work also aims to culture suitable nematodes species on a large

scale and to modify the profile of nematodes for use in commercial hatcheries.

THE USE OF NEMATODES WITH SHRIMP LARVAE.

The raising of shrimp and fish on a commercial scale has been synonymous with the problem of
mass producing a suitable food organism. It was the suggestion by Bolin in (1932) cited in Seal,
(1933) that Artemia salina was utilised which proved a great success, but has been plagued with
problems as previously discussed. Aquaculturists are always looking for an alternative, more
efficient and reliable method for rearing larvae and as long ago as (1939) Plagman suggested that
nematodes could be a possible food source for shrimp. Single nematodes were found in the

stomach of shrimp of various sizes (11-75mm) and in one shrimp more than 15 nematodes were



found. The shrimp Crangon crangon of different size classes were found to survive for periods
of up to 210 days when fed exclusively with free living nematodes, and were observed to catch
the nematodes from the sandy substratum. The food intake was much less than it appeared and
it was observed that combination of meiofauna and nematodes was best. Smaller shrimp had a
better survival than larger shrimp when fed on nematodes. In the absence of other foods it was
thought that nematodes provided a good supplement and prevented starvation (Gerlach and

Scharge, 1971).

The present rearing techniques for larval penaeids relies on a complex chain of live foods
(Hudinaga, 1967; Cook and Murphy, 1969; Mock and Neal, 1974; Shigueno, 1975; Platon 1978
and Liao 1984). Pioneering work by (Hudinaga, 1942) developed a regime that required a
unicellular algal source during the protozoeal substages and then an animal feed (Artemia) during
the mysis substages. This has been universally followed although the risk of a culture collapse
is quite high. Although the ultimate goal of larviculture research is to develop artificial
formulations for penaeids that will replace live foods (Fontaine et al., 1982; Quinitio et al., 1983)

alternative sources of live feeds to replace algal and animal feeds is also under examination.

Wilkenfeld et al (1984) performed feeding experiments on the following species; Penaeus
aztecus, P. setiferus and P. vannamei of shrimp larvae using nematodes. Survival,
metamorphosis, dry weight and growth of the larvae were measured and were fed a variety of
algae and animal food regimes. The objective was to compare the nematode Panagrellus
redivivus and Artemia as animal food sources. A comparison was made between feeding the
diatoms Skeletonema costatum and Chaetoceros gracilis, pytoflagellates Isochrysis sps. and
Tetraselmis chuii with nematodes or Artemia nauplii added to the diet starting at the protozoea
IT or mysis I substage. The data presented in this paper (Tables 2 and 3) indicated that the
nematodes could replace part or all of the Artemia in a larval feeding regime, producing a
survival and dry weight growth equal to that attained by larvae fed Artemia nauplii. However
the techniques used to grow nematodes could not be scaled up and transport methods for

nematodes were unknown.



Table 2. Metamorphosis of Penaeus aztecus. P. setiferus and P. vannamei larvae to the postlarvae-one (PL1)

substage when fed Panagrellus redivivus or Artemia nauplii in combination with diatoms or Phytoflagellates starting
at the protozoea-two (P2) or mysis-one (M1) substage. After Wilkenfeld et al.. (1984).

Treatment % Metamorphosis to postlarva-one +/- 8.D.
Penaeus aztecus Penaeus setiferus Penaeus vannamei
S. costatum/C. gracilis only 90.8+/-3.8 90.4+/-4.0 45.6+/-5.4
S. costatum/C. gracilis P. 94.8+/-3.4 96.0+/-2.4 72.4+4/-10.4

redivivus P2

8. costatum/C. gracilis Artemia 95.2+4/-3.0 95.8+/-3.3 84.6+/-2.1
P2
S. costatum/C. gracilis 93.8+/-6.3 95.64/-1.5 65.2+/-6.1

P. redivivus M1

S. costatum/C. gracilis 93.0+/-6.1 95.4+/-2.3 74.0+/-6.3

Artemia M1

Isoschrysis/T. chuii only 0.0 +-0.0 33.24/-29.3 -
Isoschrysis/T. chuii P.redivivus 57.4+4/-12.7 75.64/-5.0 -
P2
Isoschrysis/T.chuii Artemia P2 92.64/-2.3 84.64/-5.0 -
Isoschrysis/T.chuii 20.24/-15.6 77.4+/-6.1 -

P. redivivus M1

Isoschrysis/T.chuii 50.8+/-11.5 87.4+/-4.0 -
Artemia M1

P.redivivus only 1.24/-2.2 0.64/-1.3 0.0 +/-0.0
Artemia only 0.0+/-0.0 0.0+/-0.0
ARTIFICIAL DIETS

Attempts to reduce the dependence of fish and crustacean larvae on an exclusively live diet have
gained some progress by introducing fresh, frozen and artificial diets (Kahan, 1984). In an ideal
world larval culture would simply consist of adding appropriate amounts of pre-prepared dried
feeds to the larval culture, and after a suitable period, harvesting seed for on grow (Jones et
al.,1993). Over the past decade the use of artificial feeds has increased and a wide range are

available in the form of encapsulated and microparticulate feeds (Table 4a and 4b).



Table 3. Mean dry weights of individual Penaeus aztecus, P. setiferus and P. vannamei at the termination of

experiments in which they were fed Panagrellus redivivus or Artemia nauplii in combination with Diatoms or
Phytoflagellates starting at the protozoe-two (P2) or mysis-one (M1) substage.

Treatment Termination mean dry weights, pg +/-S.D.

Penaeus aztecus

Penaeus setiferus

Penaeus vannamei

S. costatum/C. gracilis only 71.72+/-2.76 59.39+/-6.84 61.08+/-0.97
S.costatum/ C. gracilis 104.62+/-2.49 107.64+/-1.33 95.14+/-4.90
P.redivivus P2

S.costatum/C. gracilis Artemia 109.94+/-0.84 108.94+/-0.62 107.17+/-3.09
P2

S. costatum/C. gracilis 104.76+/-2.35 104.74+/-3.55 82.88+/-3.24
P.redivivus

S.costatum/C. gracilis Artemia 110.13+/-4.71 108.92+/-3.82 96.85+/-2.56
Mi

Isochrysis/T. chuii only 48.64+/-5.14 45.27+/-2.54 -
Isochrysis/T. chuii P.redivivus 91.39+/-2.59 87.98+/-3.52 -

P2

Isochrysis/T. chuii 109.56+/-6.38 107.66+/-2.13 -

Artenia P2

Isochrysis/T. chuii P.redivivus 86.424/-1.24 91.25+/-3.83 -

Ml

Isochrysis/T. chuii Artemia M1 89.54+/-1.71 104.54+/-2.77 -

P. redivivus only 60.93+/-0.72 61.92+/-3.80 33.08+/-3.02
Artemia only 43.79+/-6.51 28.35+/-1.52

In most cases for larval shrimp culture, artificial feeds are still fed only as partial replacements
in hatcheries (50-70%). Total replacement of algae is possible with micoparticulate feeds
(Kanazawa, 1990), but in general growth is significantly lower than on live feed controls. It has
been demonstrated (Liao et al., 1988; Jones et al., 1989) that the lack of water stability in most
microparticulate diets leads to rapid leaching, Jones et al., (1989), bacterial build up and water
poliution. There has been no successful total replacement for live feeds for caridean prawn or
homarid lobster larval culture. Few fish species eg. salmonids have been successfully reared
from first feeding exclusively on an artificial diet. In general fresh water fish larvae are fairly

large at hatching (12-25mm) and adapt to feeds relatively easily. Marine larvae have small yolk



Table 4a. Summary of live feed replacements in commercial larval crustacean culture. (After Jones et al., 1993).

Species Feed replacement Result

Penaeid shrimp

P. vannamei microcapsules + algae + Arternia 3-5 ml ! 90% survival to PL5-7 (2 t tank) Jones et
al. (1987).

P. vannamei microcapsules + algae no Artemia 80% survival to PL5-7 (25 T tank) Jones et
al. (1987).

P. monodon microcapsules + 10 cell pl* algae 76% survival, growth same as live fed

control (2L flasks) Jones et al. (1989),

P. stylirostris microcapsules + Artemia growth and survival comparable with live

feeds (commercial scale) Ottogali (1991).

P. japonicus microparticulate 75% survival (15 t tank) Kanazawa (1990).

P. indicus microparticulate up to 62% survival to mysis 1. Growth less

than algae Galgani and Aquacop (1988).

Caridean shrimp

Macrobrachium rosenbergii egg custard, fish, clam, shrimp partial T7% survival to PL Ang and Cheah (1986)

replacement Artemia

M. rosenbergii freeze dried catfish Artemia stage I-V 11% survival to PL Sick and Beaty (1975).

M. rosenbergi microcapsules from stage VI 849 survival similar to control, growth 1

day slower Deru (1990).

Lobster

Homarus gammarus microcapsules, microparticulate no survival to post larva Kurmaly et al.

(1990).

and feed at an early stage (2-3mm) and therefore success with total feed replacement for marine

larvae is extremely limited.

Langdon et al., (1985) reviewed extensively different processing techniques required to produce
artificial particles in dehydrated forms as food for aquatic animals. Artificial diets must satisfy
the following criteria: acceptability, digestibility, stability, adequate nutritional content, cost
effectiveness and storage (Jones et al., 1993). Jones et al., (1972) discovered that some filter
feeding crustaceans accept artificial food particles. Since then several kinds of artificial diets
have been manufactured to replace live feeds partially or totally. The most commonly used
artificial diets to culture shrimp are microbound (microparticulated) and microencapsulated diets
(MED). Microbound diets are inexpensive and easy to produce and although these leach rapidly

are reported to be used successfully in laboratory and hatcheries (Kanazawa, 1990).
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Tabledb. Summary of the live feed replacement for first feeding fish larvae. After Jones et al. (1993).

Species

Feed replacement

Result

Cyprinus carpio

microparticulate diet

90% survival, growth comparable with live

feeds Charlon and Bergot (1984)

Coregonus lavaretus

microparticulate (yeast based)

85-95% survival mass rearing, good growth
Champigneuille (1988)

Micropterus dolomieni

commercial dry diet

26-45% survival growth better than
Artemia contrel Herlich et al. (1989),

Morone saxatilis

microparticulate

no survival at 20 d Tuncer et al. (1990)

Plecoglossus altivelus

zein microbound

good growth and survival Kanazawa et al.
(1985).

Marine

Pleuronectes platessa

microparticulate

survival 50% of control on live feeds Adron
etal. (1974)

Solea solea

Microparticulate/ microencapsulated

lower survival and growth than live fed

controls Appelbaum (1985)

Solea solea

zein coated particles

lower survival and growth than live fed

controls Gatesoupe et al. (1977)

Dicentrachus labrax

zein coated particles

lower survival and growth than live fed

controls Gatesoupe et al. (1977)

Sparus aurata

micro diet with/without exogenous

enzymes

best survival and growth with enzymes still

less than live feeds Kolkovsky et al. (1990).

Lates calcarifer

microcapsules

no survival after 10 d Walford and Lam

(1991).

Gadus morhua

microencapsulated cod roe

poor growth and survival Garatun -
Tjeldsoto et al. (1989)

Clupea harrengus

encapsulated cod roe

poor growth and survival Fox (1990).

Pagrus major

microcapsules, zein coated, microbound

little survival and growth Kanazawa et al

(1982).

Diets are produced by mixing the nutritional ingredients thoroughly with binders; carboxymethyl,

cellulose, calcium alginate, carrageen, agar and gelatine. The mixture is then freeze dried,

ground and finally sieved through appropriate sizes. They exhibit poor stability in water causing

not only water pollution and bacterial build up, but also they may become nutrient deficient due

to the leaching process in water (Amjad et al, 1992).

Complete replacement of live diets with MED has had limited success, partial replacement is

already routinely used in many hatcheries (Jones et al.,1987; Fegan, 1992). In general penaeid
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larval growth and development on live feeds is generally superior to those reared on formulated
diets (Galgani & Aquacop, 1988; Jones et al., 1993). Complete replacement of live diets by
artificial diets to rear caridean shrimp and homarid larvae is not currrently possible. Live
Artemia was replaced completely in Macrobrachium rosenbergii, but only from stage Z6 to Z11
with microencapsulated diets designed for penaeid larvae (Deru, 1990). The production of M.
rosenbergii still relies on Arfemia at least during it's early stage of development (Jones et al.,

1993).

The inability to survive on artificial diets may be due to their feeding behaviour and low digestive
enzyme activities (Jones et al., 1993). If a total replacement feed for algae and Artemia becomes
routine for penaeid culture, rearing costs will be greatly reduced (Ottogalli, 1991). However
currently live food organisms are considered to be superior in terms of survival and growth to
other feeds. Possible reasons are that living organisms are ingested more easily and have

essential factors such as enzymes that are absent or lost in a non living feed (Munilla-Moran et

al., 1990).

LARVAL DIGESTION AND NUTRITION.

Penaeid shrimp obtain their food by filtering micro algae from water at the protozoeal stages, and
capturing zooplankton at mysis and postlarval stages. Caridean larvae however consume
zooplankton directly 24 - 36h after hatching. The size of micro algae used to feed early shrimp
larvae ranges from 5 - 20um in diameter, whereas the size range of animal prey ranges 70 -
500pum. Itis thought that Artemia salina nauplii are the only realistic live prey for both penaeid
and caridean larvae such as M. rosenbergii until their early postlarval stages (Kumlu and Jones,
1995). Although there is much research in the nutritional requirement of adults and juveniles,
little is known about the feeding mechanism, digestion, digestive enzymes assimilation, gut

structure and nutritional requirement of larval decapods.

It can be concluded that penaeid larvae require a protein level between 23 - 55% of dry weight

of the diet (Liao and Liu., 1990; Akiyama et al., 1992; Rodiguez et al., 1994). Jones et al.,
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(1979) showed the importance of HUFA particularly 20:5w3 and 22:6w3 in Penaeus japonicus
using nutritionally defined microcapsules. Lipid and carbohydrate levels used in penaeid culture
contain 52% protein, 13-14% carbohydrate, 12% lipid, 2% HUFA (Le Vay, 1994). Essential
vitamins are generally included in artificial diets at levels higher than recommended (Kanazawa,

1990).

An extensive review on the nutritional research on penaeids was undertaken by New (1976,
1980). Despite recent advances in understanding of adult and juvenile decapod crustaceans
(Kanazawa, 1984, 1990; Lia and Liu, 1990; Guilame, 1990; Chen, 1993). Only limited
information on specific dietary requirements for crustacean larvae is currently available (Jones
et al., 1979a,b., Kurmaly et al, 1989b; Jones et al., 1993). The absolute nutritional requirements
of penaeid shrimp can only be identified when a wet stable formulated diet is accepted digested

and assimilated comparable to live diets (Jones et al., 1993).

USE OF NEMATODES FOR FISH FEED.

The use of the nematode Anguilla aceti met with great success in Denmark in the 1930s for
keepers of tropical fish. Larsen (1941) gave an historical account of the use of nematodes as a
fish feed. The following species of fish could be raised on nematodes; Aphyocypris, Barbus,
Betta, Cichlasoma, Colisa, Cyprinodon, Dermogenys, Hemichromis, Hemigrammus,
Hyphcisobrycon, Melantaenia, Namhoshomus, Trichgaster and others (Bruun, 1941).
Examination of the stomach contents of fish demonstrated that nematodes are eaten by various
fish larvae (Thomson, 1963, 1966; Vallet et al., 1970). Hofsten (1983) fed free living species
of nematodes P. redivivus, Turbatrix aceti, Caenorhabditis elegans and C. briggsae to Danio
sps (Table 5). After 3 h of feeding nematodes, none were observed in the guts of the fish except
for the buccal capsules of the nematodes and males' spicules. This indicated that nematodes are

probably preyed upon by fish.
Rottman et al., (1991) explored the possibility of using nematodes for feeding to grass carp

(Ctenopharynyodon idella) and bighead carp (Hypthalamichys nobilis). In the wild, rotifers are

the initial live food for grass and bighead carp followed by cladocerans and copepods
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Table 5 Percentage of various nematodes digested and sites of disintegration in the nematode body after duration

of 0.5-1h in the alimentary canal of the fish Danio sps (average +/- S.D.). After Hofsten. (1993).
Percentage of Digested at Digested at middle Evenly digested Other*
digested nematodes extremities only of body only along whole length
{(anterior and /for of body
posterior

Panagrellus sps 73.0+/-18.2 80.4+/-3.9 12.8+/-6.8 0.2+/-0.5 5.8+/-3.4
Turbatrix aceti 48.7+-12.7 62.5+4/-13.3 2.0+/-2.2 5.5+/-1.5 30.0+/-14.9
Caenorhabditis 54.0+/-19.3 12.5+/-12.9 0.5+/-0.5 57.0+/-18.7 30.5+/-12.1

elegans
Caenorhabditis 41.3+/-11.1 31.4+/-10.3 3.5+/-2.5 25.7+/-13.8 39.4+/-9.3

briggsae

*Fragmented bodies and advanced stages of digestion with cuticle intact.

(Dabrowski, 1984). It was suggested that larvae should be raised on rotifers initially followed
by Artemia (Van der Win, 1979). A three week feeding trial showed that larvae fed fresh water
rotifers (Brachionus rubens) were consistently longer and heavier at the end of this period than
those that were fed on nematodes (Panagrellus sps.) (Table 6 and 7). The length of the bighead
carp fed Panagrellus nematodes were not significantly different from those fed Artemia. Growth
of grasscarp fed two commercial dry diets was less than those fed the three live feeds. The
minimum feeding for fish fed nematodes was not explored although this could be an important
factor in the success of fish feeding trials as it would be cost effective. The results proved
promising from the point of view of using freshwater rotifers however they do not survive for
long periods of time. As a result, intensive culture techniques for freshwater rotifers have not
In contrast the nematode

received as much attention as the marine rotifer B. plicatilis.

Panagrellus sp. as discussed earlier is easy to culture (Rottman, 1988: Ivleva. 1969).

Further to the above study Kahan et al., (1983) explored the use of nematodes as a dietary
supplement for rearing fish fry in hatcheries. The objective of this study was to observe the
effects of growth of newly hatched fry of common carp Cyprinus carpio and silver carp

H. molitrix by feeding nematodes and dry feeds. Feeding nematodes to the fish larvae without
the addition of dry feeds gave satisfactory results, however when nematodes were fed in
conjunction with dry feeds, the growth was 1.39 to 1.84 times better with higher survival than

diets without the addition of nematodes.
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Table 6. Growth and survival of grass carp fed different foods. After Rottman et al..( 1991).
Diet Week 1 Week 2 Week 3
Length Weight Length Weight Length Weight Survival
(mm) (mg) (mm) (mg) (mm} (mg) %
Artemia 10.1+/-0.1 34.9+4/-3.9 10.9+/-0.2 87.9+/-6.4 16.0+/-0.3 308.9+/-38.6 87.04/- 11.1
B. rubens 8.7 +/-0.1 20.9+/-0.8 12.5 +/-0.2 120.5 +/- 18.4 +/- 503.14+/-45.7 | 77.2+/4.9
12.3 0.3
Panagrellus 8.5 +/-0.1 29.94/-0.3 11.7+/-0.2 103.3+/-6.6 15.6+/-0.2 239.4+/-12.0 95.1+/-0.8
Ewos 8.4 +/-0.1 23.04/-2.5 9.5 +-0.1 46.9+/-0.3 12.3 +/-0.2 149.0+/-27.4 89.64/-2.9
Kyowa 8.1+/-0.1 25.8+/-0.8 9.4+/-0.1 54.6+/-4.0 11.5+/-0.2 114.5 +/-8.1 63.3+/-10.7

Table 7. Growth and survival of bighead carp larvae fed different foods.

After Rottman et al..( 1991).

Diet Week! Week2 Week3

Length Weight Length Weight Length Weight Survival

(mm) (mg) (mm} (mg) (mm) (mg) %
Artemia 11.8+/-0.1 48.8+/-0.3 14.7+/-0.1 165.9+/-5.0 16.0+/-0.2 226.2+/-22.7 98.8+4/-1.0
B.rubens 14.1+/-0.1 98.6+/-0.2 17.9+/-0.2 317.04/-2.6 19.8+/-0.3 402.9+/-0.4 99.34/-1.8
Panagrellus 11.74/-0.1 49.94/-0.9 14.0+/-0.1 137.2+4/-5.1 16.4+/-0.1 196.1+/-4.1 96.1+/-0.7
Ewos 11.7+/-0.1 48.5+/-1.2 13.6+/-0.2 141.1+/-9.8 14.8+/-0.3 211.6+-11.5 89.7+/-1.3
Kyowa 11.7+/-0.1 69.14/-5.3 14.5+/-0.2 217.8+/-14.1 16.7+/-0.2 351.7+/-35.8 82.5+/-0.5

The resistance of some parts of the nematodes to digestion is due to the structure of the cuticle
(Hyman, 1951; Lee, 1966; Bird, 1971). Nematodes are digested in the fish intestine (Kahan and
Appel, 1975; Kahan, 1979 and Kahan et al., 1980). Differences were observed in the digestion

of various nematode species. For Panagrellus and Turbatrix, digestion mainly occurred at the

anterior and posterior extremities when observed in the fish gut. In Caenorhabditis sp. the
digestion was initiated at the nematode's natural body apertures, mouth anus and cloaca (Hofsten,
1983). The cuticle is composed of a cortical and basal layer. The most resistant layer is the
external cortex and striated structure of the basal layer which consists of proteins with a very
close intermolecular linkages due to the disulphide and sulphurhydryl groups, polyphenols and

quinone bonds in addition to a thin superficial lipid layer. This striated layer is absent from

Panagrellus and Turbatrix sps.
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The use of live nematodes together with dry feeds may provide a solution to problems
encountered elsewhere in the rearing of silver carp (Opuszynsk, 1977; Rychly, 1977). It was also
previously stated that the nutritional value of the nematodes could be improved by loading the

alimentary canal with growth factors for fish (Lorentz, 1960).

The value of Panagrellus sp. as food for fish was investigated in trials using Danio malbricus
and Poecilia reticulata (Kahan and Appel, 1975). The survival of D. malabaricus larvae fed
nematodes was higher than when compared to the control diet. Growth of P. reticulata larvae fed
nematodes was little better than compared to approximately 23mg for control. Experiments were
conducted to try to adapt Panagrellus sp. to sea water, this showed that nematodes can grow at
a low rate at 30% salinity. Addition of diluted seawater to the medium improved the growth of
the nematodes. Nematodes of this genus are known to survive drastic environmental changes and
are only damaged after prolonged exposure to extreme conditions (Ivleva, 1969). Free living

nematodes have higher growth rates compared to marine nematodes (Tietjen and Lee, 1973).

Kahan (1984) emphasised that it was important to evaluate other food sources such as nematodes
and copepods because of their 1) small size 2) fast growth 3) tolerance of seawater 4) nutritive
value for aquarium (Danio malabaricus) and commercial fish fry (Cyprinus carpio,
Hypthalmichthys molitrix, Mugil capito, Sparus aurata) (Kahan 1979, 1982; Kahan et al, 1980).
These fish can digest the hard cuticle of various nematodes (Hofsten et a.l, 1983). Crustaceans
such as penaeids and Macrobrachium rosenbergii seem to ingest harpaticoid copepods and these

are routinely used in marine hatcheries in Japan (Kuronuma and Fukusho, 1984).

NEMATODE PHYSIOLOGY AND BIOCHEMISTRY.

There are over 60,000 known nematode species and all are similar in shape, having an elongated
bilateral body tapering at both ends. There is no segmentation or appendages and there is very
little variation in shape. An identified nematode can be placed in one of two subclasses;
Adenphorea or Secernetea. Apart from the normal method of classifying nematodes on
morphological characteristics, Hansen and Buecher (1970) have described a biochemical

approach. Biosynthetic pathways are of great significance, for example the ability to synthesise
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certain polyunsaturated fatty acids which has been lost by higher animals, is present in the axenic
culture of Turbatrix aceti. The advent of the production of axenic nematode has made it possible
to obtain more accurate classification using these methods. Sensitive lipid analysis has shown
genetically based differences in a strain of Panagrellus redivivus selected for tolerance to an
increased temperature of 32°C. The lipid composition was very different from that of xenically

cultured species (Hansen and Buecher, 1970).

DIGESTION AND ABSORPTION

Nematodes feed on a wide variety of substrates including bacteria, fungi, algae, protozoa, other
nematodes and soil microfauna. Feeding is achieved by the production of a variety of digestive
enzymes. Absorption occurs by way of the intestine and not through the cuticle (Rogers and
Lazarus, 1949). The nematode intestine contains an abundance of acid and alkali phosphatases
thought to be essential for the absorption of simple sugars. Nematode tissues contain little

glucose and considerable quantities of the disaccharide trehalose.

All nematode tissues are bathed in haemolymph which fills the body cavity and is always under
pressure. The majority of physiological and biochemical research has been undertaken on
Ascaris sp.as this is thought to be the most representative of the groups of nematodes and it is
on this research that the majority of nematode functions are based. Ascaris haemolymph contains
proteins, carbohydrates and fats. Proteins are 4.9% of the fresh weight and 66% of the total
solids, these consist primarily of albumin and globulins. Haemoglobin is present in small
amounts (Davenport, 1949). Several enzymes have also been identified; invertase, maltase,

amylase and protease (Cavier, 1951).

Carbohydrates are abundant in the haemolymph consisting of 0.4% glycogen and 0.77%
trehalose. Glucose and other carbohydrates occur in traces. Fats are less abundant comprising
of significant amounts of phospholipids (0.18%) and triglycerides (0.13%) (Cavier et al., 1958).
Important differences and similarities occur amongst species of nematode so that their ionic
composition might be expected to reflect the conditions under which a particular species lives

and may change from development stage to another.
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ASSIMILATION AND CHEMICAL COMPOSITION.

In all nematodes the amounts of energy required for motion are probably very small but in
comparison the needs of the female reproductive organs are impressively high. Total glucose
ranges widely in species from 0.01% of their dry weight in filarial nematodes to 0.78% in
Ascaridia galli. Trehalose ranges from 2.18% in the codworm larvae Porrocaecum decipiens

to 0.06% in L. carnii.

LIPIDS.

The first detailed study of the lipids of nematodes was undertaken by Flury (1912). He showed
that the lipids represented were those of higher animals but there were important differences.
Reproductive organs are the most important sites for lipid deposition in Ascaris (Fairbairn,
1955). Lipids generally comprise 17.5% of the dry weight. The composition of the triglyceride
and phospholipid fraction is not dissimilar to that of higher animals. There is a great deal of
evidence that nematodes undertake the synthesis of lipids some of which are incorporated in the
somatic tissues but the majority is required by the female for the production of eggs.

Triglycerides serve as an energy source.

PROTEINS.

Proteins are the structural components of cells and tissues. There is little evidence in nematodes
that protein is stored for use in energy metabolism during prolonged starvation. Large amounts
of protein are deposited in the oocytes of Ascaris where large amounts of albumin and globulins
are present. Two percent of the total protein is contained in haemoglobin, no species of
nematode has been shown to lack this protein. However this protein does not have an oxygen
carrying capacity in the nematode as it has very high affinity for oxygen. Even at low partial
pressures of this gas there is no dissociation of oxyhaemoglobin except at very low tissue
concentration of oxygen. A quantitative study of this phenomenon was made by (Roger and
Lazarus, 1949;Davenport, 1949) and it was concluded that oxygen transportation in Ascaris and

Nippostrongyloides is improbable.
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The cuticle is produced from secretions from the underlying epidermis, 75% of which consists
of water and the rest consists of protein. The basement membrane is secreted near the epidermis,
then three fibre layers which consists of collagen although many species only have two layers.

Little research has been carried out on the juvenile membrane.

Most nitrogen metabolism in the adult female is directed towards the extensive synthesis of
ovarian proteins which are deposited in the oocyte as yolk material to be incorporated
subsequently into the structural protein of the embryo. During embryonation the yolk is converted
to the many different proteins necessary for various cells and tissues (Passey and Fairbairn,
1957). Spermatogonia of many nematodes (Chitwood and Chitwood, 1950) contains granules
which fuse to form the prominent acrosome of the sperm protein called ascardine. This has been
isolated from Parascaris sperm (Filhol, 1937) and was found to contain 2 amino acids aspartic

and trytophan which are approximately 35% and 15% of total nitrogen content respectively.

PRESENT RESEARCH AIMS

Nematodes are proposed as a possible live food replacement in penaeids however the limiting
factor is the mass culturing of these organisms. Vast quantities are required for the later
substages of penaeid larviculture to obtain a growth equal to that of Artemia in commercial
hatcheries. Hence one objective of present research is to address this problem. The aims of
chapter 1 are to select a suitable nematode species and optimise it's culture. This is undertaken
by exploring the various constituents of the media to be used to provide an adequate nitrogen,
carbohydrate and lipid source. Optimum inoculum level and temperature are to be explored for
the selected species of nematodes that produce optimum levels in culture. Further aims are to
culture these nematode species in 10 litre fermenters which provide similar conditions to

industrial scale 1000 and 10,000 litre fermenters.

As the literature review shows live feeds such as Artemia may be nutritionally inadequate and
dry feeds nutritionally unstable. Research in chapter 2 aims to optimise lipid enrichment of the
chosen species of nematode, by incorporating into the optimised medium fish oils that are high

in Highly Unsaturated Fatty Acids (HUFA). Such as eicosapentaenoic acid 20:5w3 and
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docosahexaenoic acid 22:6w3. Preliminary trials at Bangor University with penaeid larvae
(chapter 5) indicate that larvae survived and grew well on nematodes compared to Artemia fed
controls, but these larvae lacked the pigmentation observed with larvae feeding on the Artemia.
The objective of chapter 3 is to attempt to pigment the nematodes via the medium using
industrially produced pigments such as astaxanthin and castaxanthin. This would enable the
nematodes to become more visible to both fish and shrimp larvae and assist in the pigmentation

of the penaeid larvae.

If nematodes are to be any use to the aquaculturists on a commercial scale then successful
nematode species that can be cultured on a large scale and lipid enriched will require storage for
long periods of time at local ambient temperatures and must be capable of surviving. Chapter
4 explores the possibilites of storage of nematodes in a variety of inert carriers which provides
adequate protection from dessication and nutritional degradation during storage. In chapter 5 the
above products are tested with suitable penaeid shrimp and fish larvae. The shrimp trials were
undertaken in collaboration with Dr. David Fletcher at Bangor University. Fish larval trials were

undertaken at the Hunterston Fish Laboratories in Argyll by Andrew Barbour.
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CHAPTER ONE
CULTURE OF BACTERIAL FEEDING NEMATODES
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1. CULTURE OF BACTERIAL FEEDING NEMATODES.

INTRODUCTION

Nematodes have been suggested as possible live food replacement for penaeids and some fish
larvae (Plagman, 1939; Nikolsky, 1963; Thomson, 1963, 1966; Gerlach and Schrage, 1969; Vallet
et al, 1970; Opuszynsk, 1977; Rychly, 1977; Kahan et al,1975, 1979, 1980, 1983, 1984; Hofsten
et al, 1983; Wilkenfeld et al, 1984; Biedenbach, 1989; Rottman et al, 1991). However the
limiting factor is the mass culturing of these organisms. Vast quantities are required for the later
substages of penaeid larviculture to obtain a growth equal to that of Artemia in commercial

hatcheries.

A common method of raising nematodes is by placing them on nutrient agar plates with their
associated bacteria. The associated bacteria are streaked onto the agar plates and incubated 24h
before the addition of the nematodes. This method also allows for observation under the
microscope. To establish bacterial feeding for soil nematodes soil humus can be added to the
agar. Species of Acrobeloides and the majority of Rhabditidae can be cultured in this way
(Nicholas et al., 1959). However for the commercial production of nematodes such Steinernema
feltiae, Phasmarhabditis hermaphrodita and Heterorhabdltis megidis, which are used extensively

in the horticultural market, nematodes are cultured monoxenically in 1000 litre fermenters.

The objective of this chapter is to select nematode species for monoxenisation and to optimise
their culture on a small scale using current fermenter technology. The aim is to produce

quantities of nematodes that would be comparable to that of Arfemia on an industrial scale.
Monoxenic versus Axenic cuture.

Axenic cultures consist of only one known organism and monoxenic cultures include one other
associated organism. The advantages of the production of nematodes on an industrial scale in a

monoxenic culture far exceed those of axenic culture. The production of the entomopathogenic

nematodes require the presence of the symbiotic bacterium Xenorhabdus sp before infection of
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a host will take place. However the cost of producing nematodes by insect infection is high,
estimates of cost exceed 1 dollar U.S. per million infective juveniles. The cost of raw materials
for an axeinc culture are high and require complex components. Growing nematodes with their
associated bacterium requires a medium that is inexpensive. It was observed that the symbiotic
bacterium was necessary for the success of these cultures (Dutky et al, 1967). The symbiotic
bacterium Xenorhabdus sp. provides significant nutritional benefits in a production system and

allows the use of an inexpensive medium materials on a large scale.

Tables 1 and 2 summarises the axenic and monoxenic culture of nematodes. The objective of
this literature review was to become familiar with the materials and methods used to culture
nematodes and to apply these techniques for species that have not been cultured in liquid before.
From this review various medium components were selected and tested with the nematode

species.

To obtain optimum growth in a monoxenic culture the following parameters were investigated
for the selected nematode species; inoculum level, temperature optimisation and medium
components. S. feltiae and H. megidis require an initial inoculum level of 2000 nematodes per
ml and 1800 nematodes per ml respectively. If these numbers are reduced or increased the
overall yield is reduced along with the mixture of growth stages in the final culture (Pearce, pers.
comm.). Few authors have investigated the effects of the initial inoculum level. Gbewonyo et
al, (1994) describes using 'worms' from 50 agar plates as inoculum for 4 litres of liquid medium
for the large scale cultivation of C. elegans. An initial inoculum level has a profound effect on
the overall yield. The following experiments describe the investigation of the initial inoculum

level for two free living species.
Two experiments were undertaken to investigate the initial inoculum level of Panagrellus
redivivus and Caenorhabditis elegans. Further experiments were then conducted to investigate

the optimum temperature of growth for these species of nematodes.

It has been established from previous work that a variety of nematode species including P.

redivivus can be successfully grown and subcultured in a liquid medium containing 10% kidney,
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3.5% corn oil and 1% yeast extract (AGC, MicroBio Ltd.). This is a rich and expensive medium

Table 1. Summary of Axenic culture of nematode species

AXENIC CULTURE

NEMATODE SPECIES

MEDIUM

AUTHORS

Caenorhabditis elegans,

C. briggsae, Rhabditis anomala,
R. maupasi, R. marina, Pelodera
strongyloides, Acrobeloides
buetschlii, Chiloplacus lentus,
Turbatrix aceti, Aphelenchus

avenae, A. rutgersi, Neoaplectana

general axenic culture review

Vanfleteren, (1978).

C. lentus YE, glucose and supplement S7 Roy,(1975).
(24 amino acids, distilled water
and HCL
C. elegans YE, soy protein, dextrose,vitamins | Buecher and Hansen, (1970).
and HLE
Aphelenchoides spp basal medium supplemented with | Myers, 1968; Petriello and Myers,
trehalose (1971).
A. avenae fresh chick embryo and serum Hansen and Buecher, (1970).
P.strongyloides soy peptone, YE and HLE Yarwood and Hansen, (1968).

P. strongyloides

liver peptone, YE, 250pm of
growth factor and 8.2% Ficoll :
liver protein, YE and 20% HLE

Buecher et al, (1966).

P. redivivus, T. aceti

activated protein growth factor in
a medium containing soya
peptone, YE and HLE. For T.
aceti 5% of 95% ethanol added

Hansen and Cryan (1966).

C. briggsae, P. redivivus

soya and peptone

Cryan, (1963).

T. aceti, P. redivivus, R..anomala,

C. elegans

basal medium(Sayre et al, 1963),
but amino acids replaced by soya

peptone

Rothstein and Cook, (1966).

Trichinella spiralis

plasma-chick extract medium

Berntzen, (1965)
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Table 1 contd.

Acrobeloides buetschlii

unidentified vitamin, chick

embryo extract, liver protein and

HLE

Nicholas, (1962).

Neoaplectana glaseri

raw liver and veal infusion broth

Stoll, (1953).

lecithin

N. glaseri agar slants with sterile rabbit Glaser, (1940).
kidney
T. aceti peptone glucose, YE, Na CL and Zimmerman, (1921)

Table 3. Summary of the Monoxenic culture of nematode species.

MONOXENIC CULTURE

NEMATODE SPECIES

MEDIA

AUTHORS

Caenorhabditis elegans

nutrient agar slants

Grewal, (1989).

Steinernema feltiae,
Heterorhabditis megidis,

Phasmarhabditis hermaphrodita

media components confidential

MicroBio Ltd, (1995).

S. feltiae egg yolk, vitamins, minerals and a | Friedman, (1989).
triglyceride.
S. feltiae ox kidney, YE Pace et al, (1986).

N. carpocapsae, H. megidis

polyether polyurethane sponge
coated with kidney/beef

homogenate

Bedding (1984)

N. carpocapsae

dog food agar medium

U.S. Dept. of Agriculture. (1981).

and corn oil

S. feltiae polyether polyurethane sponge Wouts et al, (1981).
coated with potato broth

S. feltiae soya peptone. YE and dextrose Buecher et al, (1975).

S. feltiae agar, nutrient broth,YE, soya flour | Dutky et al, (1967)

Rhabdititidae, Diplogasteridae,

Panagrolaimidae, Cephalobidae

MgS0,.7H,0 (0.75g), K,HPO,
(0.75g), NaCl (2.75g), KNO, (3g),
peptone (2.5g), lecithin (1g), agar
(15g), distilled water 1 litre

Nigon (1949)
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and therefore it is necessary to investigate alternative media that are cheaper and more convenient
to use on a larger scale. Experiment 5 in this chapter investigate the effect of different liquid
media on the growth and development of the nematode P. redivivus. The 5 types of media used
on a commercial basis in fermenters for the commercial production of entomopathogenic
nematodes at MicroBio Ltd. were investigated. The percentage of media components are specific
to the nematode grown, therefore it was necessary to investigate further individual components
to optimise the growth media for P. redivivus. At the time of this experiment new media
components were being investigated at the laboratories of of AGC MicroBio Ltd. which were far
cheaper and were giving culture numbers comparable to the original commercial media.
Experiment 5 describes the new media components which were evaluated. It was found that a
media containing bovril showed very promising results and it was simple to use and cheap in
comparison to live tissue. The component percentages of bovril to egg were then investigated
to obtain the optimum percentages in the medium for growing P. redivivus. Following on from
the results obtained from the above experiment higher percentage of solids in the medium were
investigated to observe if this increased the numbers of nematodes obtained in the culture
medium. It was found that the concentration of yeast extract in the medium affected the overall
population numbers of the nematodes Finally the optimum concentration of yeast extract in the
medium was evaluated as the combination of egg and yeast extract proved detrimental to the

growth of the nematodes at some concentrations.
Experiment 12 describes the use of the optimised medium obtained from the above results

containing 2% bovril, 1.5% egg and 1% yeast extract and cultured the nematodes in a 10L

fermenter. The results from the experiments indicates the possibility of growth in larger vessels.
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MATERIALS AND METHODS

Sterilizing nematodes

Free living species of nematodes were obtained from a variety of sources; Caenorhabditis
elegans, C. remanei, C. vulgaris were obtained from Ann Burnell (Saint Patricks College
Maynooth, Ireland). C. briggsae (Caenorhabditis Genetics Centre, Missouri). Panagrellus
redivivus Professor John Barrett (Aberyswth University). Panagrolaimus sps., Rhabditis pellio

(Rothamstead Experimental Station).

Species of Caenorhabditis elegans, C. briggsae, C. remanei, C. vulgaris were received on agar
plates growing monoxenically with Escherichia coli. However plates were damaged during
transit and were not monoxenic when they arrived. Panagrellus redivivus was received and
maintained on a xenic culture medium of autoclaved oats described by Barret and Butterworth,

(1984). Rhabditis pellio was received growing on Nigon's media as described earlier.

Insect parasitic nematodes such as S. feltiae and H. megidis were obtained from John Godliman
(MicroBio LtD). Phasmarhabditis hermaphrodita was obtained from Mike Wilson (Long
Ashton Research Station). §. carpocapsae and S. anomali were obtained from Roma Gwynn

(Horticulture Research International Littlehampton).

Before antibiotics were considered, chemicals such as hydrogen peroxide were used to sterilise
nematodes (Zimmerman, 1921). Briggs (1946) used a combination of hypochlorite and controlled
doses of U.V. light to axenize eggs of C. briggsae. Nematode species from Tylenchida are easier
to sterilise because their stylets are too narrow to allow the passage of bacteria into their guts and

therefore bacteria are not present in the gut as they are in Rhabditida.
Nematodes that are to be cultured in an axenic or monoxenic environment need to free of

contaminating bacterial flora. For an axenic culture this means removing all known bacteria

associated with the nematode.
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Monoxenisation of free living nematodes species.

For monoxensation of P. redivivus and C. elegans, nutrient agar plates were inoculated with
Escherichia coli and incubated for 24 hours. The nematodes were added to the plates and
incubated for 3 - 4 days or until gravid females were observed. A technique described by Wilson
and Glen (1990) was used to axenise the nematodes. Approximately 20 gravid females were
removed from agar plates and placed into a watch glass containing sterile distilled water. This
was done so that any remaining debris or agar was washed off, twelve repetitions were made.-
The following procedure was undertaken under sterile conditions; the gravid females were then
placed into watch glasses containing merthiolate (ethyl mercurithiosalicylate). Four
concentrations were tested 1) 0.02% (Wilson and Glen, 1990) 2) 0.015% 3) 0.01% 4) 0.005%
(w/v), 3 repetitions for each treatment were used. The watch glasses were placed in covered petri
dishes and incubated at 17°C for 12 h, this encouraged the hatching of the juveniles. After 12 h
the juveniles were removed using micro pipettes and placed into 15ml centrifuge tubes
containing quarter strength Ringer's solution containing 500 units of streptomycin sulphate and
Penicillin G. The tubes were incubated at 5°C for a further 24 h.  After 24 h the nematodes were
concentrated by centrifugation at 200G for ten minutes. The supernatant fluid was then removed
by pipette and the juveniles were suspended in quarter strength Ringer's solution to remove any

remaining mercury ions, this process was repeated twice.

Nematodes were removed from the tubes using micro pipettes and placed onto the centre of
nutrient agar plates which had been inoculated on one side of the plate 24 hours previously with
Escherichia coli to test for contaminants remaining with the nematodes (these were spotted
within 24 h incubated at 24°C). Nematodes were then maintained on agar plates and regularly

reinoculated into fresh plates.

Medium used successfully for Rhabditidae, Diplogasteridae, Panagrolaimidae and Cephalobidae
nematodes, was prepared with the following components;

MgS0O,.7H,0 0.75g

K,HPO, 0.75g

NaCl 2.75g
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KNO, 3.00g

peptone

(bacteriological) 2.50g

lecithin 1.00g

agar 15.00

distilled water 1 litre

Lecithin was dissolved in 25ml of absolute alcohol. Salts were dissolved in one litre of distilled
water and then peptone and dissolved lecithin. Powdered agar was added and autoclaved at 151b
(1.05kg/cm?) (121°C ) for 15min. The mixture was then standardised at pH 7.2 by the K,HPO,.
Medium was poured into sterile dishes. Many rhabditids will establish themselves on this

medium and support the growth of associated bacterium.

Culture and handling of C. elegans using nutrient agar plates with E. coli strain OP50 have been
described by Brenner (1974).

C. elegans and P. redivivus stock was grown at 20°C on E. coli strain OP50 in 9cm petri dishes
containing agar. Cultures were maintained by transferral of lcm? blocks of agar from plates
containing mature nematodes, using a flame sterilized scalpel, onto agar plates freshly streaked

with E. coli. Cultures were maintained on nutrient agar slants at 4°C.

Phasmarhabditis hermaphrodita is most commonly found parasitising slugs. It can be
monoxenised by the same technique as described above. E.coli is replaced by the bacterium

Moraxella phenylpyruvica.

Monoxenisation of insect nematodes.

The insect parasitic nematodes such as Steinernema feltiae, S. anomali, S. carpocapsae and
Heterorhabdidis megidis can be obtained in high numbers by infecting Galleria mellonella
larvae. Individual larvae of G. mellonella were placed onto damp circles of filter paper in petri
dishes and incubated at the appropriate temperature for each species, 18°C for Heterorhabditis

sp and 22°C for Steinernema spp. After 2 weeks of incubation the infective stage juveniles can

29



be obtained from the dead larvae.

Pure strains of the associated bacterium of the nematodes can also be obtained from the infected
larvae. Infected larvae were removed from the plates as soon as the larvae were dead and before
the carcass erupts releasing the infective stage larvae. The larvae were then dipped in alcohol
and flamed to remove bacteria on the surface of the larvae. Using sterile forceps the cuticle was
split to allow a bubble of haemolymph to form. A sterile loop was dipped into this bubble and
plated onto agar plates containing TTA (Tetrazolium salt). The plates were incubated at 18°C,
after 48 hours bacterial colonies can be detected. Bacterium belonging to the genus Xenorhabdus
is found associated with Steinernematids and Heterorhabditids and can be detected by the fact
that the colonies will take up the pigment from the TTA agar plates if the bacterium is present
in it's primary form. In their secondary form these bacterial colonies are pink. The primary form

of this bacterium is known to be associated with the infective stage juveniles.

For surface sterilising Steinernema species 8 treatment repetitions were used for each isolate, in
two sets of 4. Starting the 4 at three min intervals. This allows time for all procedures as they
take 10 min in NaOCl. Heterorhabditis spp can only take 4 minutes. There also seems to be

variation with some Steinernema sp isolates.

The method required the use of: sterile embryo dish, 30ml universal bottle containing 20ml
sterile tap water; 2ml 10% NaOCI (10% of stock); 3 sterile pipette tips to take 0.2ml; slope diet
tube.

1) Several hundred nematodes are placed into 2ml of NaOCI in the embryo dish and swirled.
Dead nematodes were avoided as they harbour contaminants.

2) After 10 min for Steinernema and 3 min for Heterorhabditis, the dish was swirled gently to
centralise the nematodes and picked up in 0.2ml.

3) Nematodes were then placed in sterile tap water (flaming the neck) and the lid was replaced
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