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8. Introduction 

8.1 Overview 

The Bluff oyster (Tiostrea chilensis) has been commercially fished in Foveaux Strait for 130 
years. Annual landings of oysters, fishing effort and the size of the area exploited by fishers 
steadily increased until 1986 (Cranfield et al. 1999a). A Bonamia sp. epizootic between 
1986 and 1992 devastated the Foveaux Strait oyster population (Doonan et al. 1994). From 
the initial focus of infection in the western oyster beds, the disease spread through the 
population to reach the periphery of oyster distribution in 1992. In 1992, the size of the 
oyster population in the area surveyed in 1975-1976 was less than 10 % of that present in 
1975-1976 and recruitment was considered to be at risk (Doonan et al. 1994). The Minister 
of Fisheries partially closed Foveaux Strait to oyster fishing in 1992 and fully closed it in 
1993, to allow the population to rebuild. By 1995, the prevalence and intensity of infection 
by Bonamia sp. had decreased and the population had reached a size large enough to sustain 



some commercial fishing (Cranfield et al. 1996). The Minister of Fisheries reopened the 
fishery in 1996. 

The reappearance of Bonamia sp. in 2000 (Dunn et al. 2000b) forced a reassessment of the 
information required to manage the Foveaux Strait Oyster Fishery. It is now apparent that 
Bonamiasis is a recurrent feature of oyster population dynamics and their interaction with the 
fishery. It is therefore necessary to focus research effort in the short-term on better 
understanding the biology and epidemiology of Bonamia sp., with medium to long-term 
research focusing on improved management of the fishery. 

Of particular importance is an understanding of the mechanics of disease transmission 
through oyster populations and its relationship with the fishery. Without this information 
management will be reactive and incapable of maximising the yield that can safely be taken 
from the fishery. In this plan we outline strategic research in four broad areas: 

• Bonamia sp. investigations 
• Effects of fishing on the environment 
• Short term management of the fishery (determination of sustainable yields) 
• Improved management (determination of sustainable yields in the long term) 

An overview of the research plan is shown as Figure 1, and approximate times given in 
Table 1. 

8.2 Biological overview 

8.2.1 Population biology of oysters 

; Jeffs & Hickman (2000) found that Ostrea chilensis in 1970-71 in Foveaux Strait were 
,;protandric, maturing as males at about 20 mm in height (1+ old oysters). At about 50 mm (2-
3+ old oysters) most oysters that were producing sperm began developing ovocytes around 
the periphery of these predominantly male follicles. Fully female follicles with mature ova 
were found in a very small proportion of the population during the spring. The smallest 
oyster found brooding larvae was 60 mm in height (dorso-ventral axis). They found that 
follicles with mature sperm were common from late July, increased to a peak through 
September, October and November, started to fall off in December and reached a minimum 
in March. Mean gamete loss (largely sperm as 90% of individual gonads were male), rose 
from September to reach a peak in March. Mean phagocytosis increased from October 
onwards to reach a peak in March. Brooding oysters were found between July and January, 
peaking in December, and only 7-10% of the population sampled during the year was 
brooding larvae; 90% spawned as males. The gonads of females that spawned were largely 
filled with ova and few follicles showed any development of sperm. On the other hand, most 
of the oysters that spawned as males, apart from having mature sperm in every follicle, had 
developing oogonia, oocytes and ova around the periphery of follicles later in summer. 

These ova continued to increase in number and grow in size through the latter part of the 
summer but few reached full maturity and the female cycle seldom dominated the gonad. 
Oogonia, ovocytes and immature and mature ova were mainly phagotycosed and reabsorbed 
between February and April, however phagocytosis was observed in about 10% of oyster 
gonads all the year around. Jeffs (1998) found gonads of Ostrea chilensis in Auckland 
Harbours were functionally hermaphoditic, oysters continued to spawn all the year around 
and there was no phagocytic cycle like that found in Foveaux Strait. If the multiplicative 
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stage of Bonamia sp. is dependent on phagocytosis of ova, then northern populations of 
oyster could be Bonamia-free. Furthermore, growing oysters at higher temperatures could trip 
oyster physiology into the northern mode, and might be used to combat Bonamia sp. in 
culture. 

Cranfield & Allen (1977), found that incubation of larvae in one population commenced in 
September, peaked in November and December and ceased after March. They found that 6 -
12% of the population-sampled in the summer of 1967-1968, were brooding larvae (very 
similar to the percentage Jeffs & Hickman (2000) found in data from 1970-1971). Cranfield 
& Allen (1977) found the smallest oyster incubating larvae was 51 mm in height. Cranfield 
(1968a, 1968b) found that settlement of larvae released by the incubators started in October 
peaked in December and ceased after March. These data confirm that successful spawning as 
females is confined to the early summer period. Because so few oysters spawn as females in 
any one season, their time of spawning cannot be demonstrated by loss of gametes, loss of 
oyster condition or other indirect measures. These data also confirm that the late summer 
development of ova in mature male gonads did not result in any late summer or autumn 
spawning. 

The gametogenic cycle, incubation and settlement are shown in Figure 2. 

Because Bonamia sp. has a lipid-based metabolism it is able to proliferate rapidly in 
haemocytes that are phagocytosing lipid rich ova. In Foveaux Strait some 90% of the oyster 
population functions as males and in February and March these oysters are phagocytosing the 
numerous ova that have been developing secondarily around the follicle walls of their gonad. 
The life cycle of oyster and parasite come together perfectly for the parasite at this time and 
must play an important part in epizootics. 

Hine (1991a) investigated the relationship between Bonamia sp. infection and the gonad 
cycle in 10 samples of oysters between September 1986 and May 1989. There were no 
samples between January and Apr i l in 1987, or November 1987 and Apr i l 1988, or December 
1988 and May 1989, the period in which Jeffs & Hickman (2000) found the female phase 
developing in male gonads and then later being reabsorbed by phagocytes. Nevertheless, even 
from the samples at the beginning and end of the phagocytic cycle Hine (1991a) was able to 
propose the importance for the proliferation phase of Bonamia sp. of the phagocytic cycle 
and re-absorption of the l ipid rich ova at this time. 

8.2.2 The biology and pattern of infection of Bonamia sp. 

Bonamia spp. are protozoa belonging to a group called the Haplosporidia, and a super group 
called the Alveolata — which includes apicomplexans (Toxoplasma, coccidians, malaria), 
ciliates, and dinoflagellates (e.g., toxic and non-toxic planktonic algae) (Flores et al. 1996). 
Molecular evidence suggests that haplosporidians are closer to dinoflagellates, but the cycle 
of divisions more closely resembles apicomplexans. 

Bonamia sp. occurs in oysters in southern New Zealand (Dinamani et al. 1987), Australia 
(Hine 1996) and probably Chile (Campalans et al. 2000). The biology of the parasite is only 
known from New Zealand (Doonan et al. 1994, Hine & Jones 1994, Hine 1996). Bonamia sp. 
occurs in Ostrea (= Tiostrea) chilensis in New Zealand (and possibly Chile), and Ostrea 
angasi in Australia. It is very closely related to Bonamia ostreae in the United States and 
Europe. Bonamia ostreae infects not only the natural host Ostrea edulis, but has also 
accidentally infected Ostrea angasi (Bougrier et al. 1986), Ostrea puelchana (Pascual et al. 
1991), and Crassostrea rivularis (Cochennec et al. 1998) introduced into France. It seems 



likely that Bonamia sp. will infect any member of the genus Ostrea. Bonamia sp. does not 
infect Pacific oysters (Crassostrea gigas). 

F i g u r e 2: T h e F o v e a u x St ra i t dredge oyster gametogenic cyc le . 



In New Zealand flat oysters, Bonamia sp. is an obligate parasite of haemocytes. It has to be 
recognised as foreign and phagocytosed by the haemocyte to gain entry into the cell. In order 
to survive inside the phagocytic oyster haemocytes it modifies the host membrane, bounding 
the parasitophorous vacuole and preventing fusion of host cell lysosomes. This prevents the 
release of acid hydrolases that would usually lead to the destruction of the parasite (Hine & 
Wesney 1994b). In this it closely resembles Toxoplasma gondii and other protozoans that 
parasitise phagocytes. 

After entering the haemocytes Bonamia sp. grows and divides, using food phagocytosed by 
the haemocyte as its food source. One Bonamia sp. in a haemocyte may divide to produce 
more than 20 Bonamia sp. before the haemocyte lyses and releases the progeny. These are 
then phagocytosed and grow and divide to continue the cycle. To contain the parasite, the 
oyster stops producing gametes and diverts its energy into producing more haemocytes. To 
recycle the energy in already formed gametes, the oyster haemocytes the gonad and in so 
doing provides nutrition for the parasite. Eventually the oyster dies of exhaustion. 

In late winter each year the parasite occurs at very low levels in apparently healthy oysters. It 
can be found just under the basement membrane of the main gut in the oyster, suggesting this 
may be a route of entry (Hine 1991a, 1991b). The parasite starts to occur in greater numbers 
in November to December, when many oysters are going through the male reproductive 
cycle. By February, Bonamia sp. can be found in haemocytes throughout the connective 
tissue of the digestive gland and in the gills. A t about that time most oysters are in the female 
cycle but many fail to spawn all, or possibly any, of their ova, and haemocytes enter the 
ovary to absorb the lipid-rich ova. Bonamia sp. has a lipid-based metabolism and rapidly 
utilises the lipid from the ova after it has been endocytosed by the haemocyte. It rapidly 
grows and divides, causing massive proliferation resulting in elevated oyster mortality from 
March to May (Hine 1991b, Hine & Wesney 1994a). From May to August Bonamia sp. enter 
a lateidevelopmental phase, with increasing senescence among the parasite population (Hine 
1992, Hine & Wesney 1992), leading to an apparent population collapse of Bonamia sp. 
(Hine 1991b). The relationship between the intensity and prevalence of infection in one year, 
the density of oysters, and the probability of an outbreak the following year are poorly 
understood. 

Apart from likely host range we can assume that some of the information available on 
Bonamia ostreae is also applicable to Bonamia sp. Bonamia ostreae readily transmits 
horizontally (i.e., from oyster to oyster) and directly (Culloty & Mulcahy 1996). It has a pre-
patent period (when it cannot be detected using heart smears or histopathology) of about 10-
18 weeks (Grizel et al. 1988, Montes 1991). Unpublished information at N I W A suggests that 
the transmission and pre-patent period are similar for Bonamia sp. The 50% infectious dose, 
determined from inoculation with l O ' - l O 6 Bonamia ostreae, is about 80 000 per oyster for 3 
year-old oysters (Hervio et al. 1995). Oysters differ in their susceptibility to Bonamia ostreae 
(Naciri-Graven et al. 1998) with this difference in susceptibility probably genetically 
determined. When oysters are stressed by interference such as fishing, the prevalence and 
intensity of the parasite can increase (van Banning 1991). However, the extent of this 
additional infection rate is not well known, and may not be high. Oysters resistant to the 
disease are less affected by stress than those that are susceptible (Baud et al. 1997). There is 
some indicative evidence that oyster boats may spread the infection (van Banning 1991, 
Howard 1994). 

Bonamia sp. may have spread along southern Australia from west to east on the currents of 
the Southern Ocean and from there to New Zealand. Subsequently it may have spread from 
New Zealand to Chile in oysters rafting across the Pacific (Foighil et al. 1999). The annual 



pattern of infection suggests that a large proportion of oysters in Foveaux Strait may have the 
parasite at low levels throughout the year. 

The life cycle of Bonamia sp. is summarised in Figure 3. 

OTHER HOST 

Figure 3: Relationship between the course of infection of Bonamia sp. to time of infection. The 
annual cycle, described in detail in Hine (1991b), is shown at the top left. Bottom left shows the 
cycle i f sporogony occurs elsewhere in the oyster or in an alternative host. I f dense forms enter 
the oyster late in the proliferation phase (top right) they may incubate to proliferate the following 
December. I f they infect earlier (bottom right) in the proliferation phase, they may develop on to 
the plasmodial phase. (Figure courtesy of Hine 1991b). 

8.2.3 Understanding how Bonamia sp. epizootics start 

Bonamia sp. transmits horizontally and directly from oyster to oyster. Infection probably 
depends on how many infectious particles a healthy oyster is exposed to as well as the 
susceptibility of the oyster to the parasite. The latter may be a combination of the oyster 
genotype and environmental stress (e.g., environmental conditions, fishing pressure, 
starvation). But the causes for this outbreak are unknown (Dunn et al. 2000b). 

Prevalence of infection between epizootics is low and borders on the undetectable, 
nevertheless, infection is widespread at these low levels throughout the oyster population. 
Thus, although there is no evidence of shedding of infective particles at these low incidences 
and intensities of infection, some particles must be shed to account for the widespread nature 
of infection. For an epizootic to commence, some stimulus must trigger the proliferation of 
disease within enough individual oysters locally for the intensity of infection to increase and 



cascade effects of infection spread to come into play and increase the prevalence of infection 
within the population. 

9. Bonamia sp. investigations 

9.1 Introduction 

Current knowledge of the biology of Bonamia sp. includes the annual pattern of infection 
(Hine 1991a, 1991b), the functional cytology of the parasite (Hine 1992, Hine & Wesney 
1992, 1994a), and the relationship of the parasite with the host (Hine & Wesney 1994b). 
Even when our knowledge of Bonamia ostreae is included, we still do not know the 
necessary key information in order to manage the fishery around the problem. The key 
information includes: 

Developing experimental methods and developing an understanding of how Bonamia sp. 
epizootics start; 

1. Determining the best protocol to use to amplify infection levels in wi ld Bonamia sp. 
infected oysters by the application of stress. 

2. Determining the optimum conditions using an in situ hybridisation (ISH) technique, 
to identify very lightly infected oysters. 

3. Determining the best method of purifying viable Bonamia sp. from infected oysters, 
by adapting published techniques on Bonamia ostreae. 

Determining the time course of infection from initial infection to death of infected oysters; 
4. Understanding the life history of Bonamia sp. and its relationship to oysters 
5. Determining the size at which oysters become a) infected with Bonamia sp., and b) 

diseased with Bonamia sp. 
6. Determining the extent to which the parasite population is depleted over winter 
7. Determining how long the parasite can survive outside the host 
8. Determining the rate of shedding of Bonamia sp. by live, moribund and dead oysters 
9. Determining the relationships between the gametogenic cycle of oysters and life 

cycle of Bonamia sp., and between Bonamia sp. and concurrent infections. 

Understanding the mechanism of spread of Bonamia sp. epizootic; 
10. Determining the distance over which the parasite can be transmitted between oysters. 

Understanding the host-parasite interaction between the oyster population and Bonamia sp.; 
11. Mathematically model the host-parasite interactions between oysters and 

Bonamia sp. 

Understanding the role of genetic resistance in oysters to Bonamia sp. 
12. Determining the role of oyster resistance in the epidemiology of Bonamia sp. 

In order to acquire this information it is necessary to conduct studies in the laboratory and, 
where possible, validate the results in field trials. The experiments can be viewed in two 
steps, first to develop experimental methods and the experimental protocol to assure 
availability of infected material and identify uninfected or lightly infected stocks (1-4 
above). Secondly, to carry out experiments that wi l l provide the information needed to 
develop a model (5-12 above). In the following sections, we detail the studies required to 
collect this information. 



9.2 Developing experimental methods and developing an understanding of 
how Bonamia sp. epizootics start 

9.2.1 Study 1 

Objective 

T o de te rmine the best pro toco l to use to ampl i fy in fec t ion leve ls in w i l d Bonamia sp . in fec ted 

oysters by the app l ica t ion o f s t ress . 

Comment 
T h i s o b j e c t i v e is p l a c e d f irst b e c a u s e o f the need for h e a v i l y in fec ted mater ia l ou t l ined in this 

r e s e a r c h p l a n . T h e A p r i l 2000 Bonamia sp . s u r v e y s h o w e d that h e a v i l y in fec ted i n d i v i d u a l s 

w e r e m a i n l y near the f o c u s o f morta l i ty , a n d that in other b e d s , w h e n h e a v i l y Bonamia s p . -

in fec ted oys te rs w e r e o b s e r v e d , they u s u a l l y c o m p r i s e d less than 10% o f the oys te rs s a m p l e d . 

F o r the w o r k deta i led b e l o w to be c a r r i e d out, it is n e c e s s a r y to h a v e an a m p l e s u p p l y o f 

Bonamia sp . - in fec ted o y s t e r s , a n d to a c h i e v e this it w i l l be n e c e s s a r y to a m p l i f y the leve ls 

a v a i l a b l e in f ie ld s a m p l e s . 

Experimental design 

Step 1: 480 oysters w i l l be c o l l e c t e d f r o m near the site o f the 1999 e p i z o o t i c i n F o v e a u x 

Stra i t a n d d i v i d e d into 4 g roups o f 60 oys te rs , a n d t w o groups o f 120 oys te rs . B o t h groups o f 

120 oysters w i l l be s u b d i v i d e d into 2 g roups o f 60 o y s t e r s , . T h e s e g roups w i l l b e s u b j e c t e d to 

the f o l l o w i n g s t r e s s e s . 

Group 1 (60 oys te rs ) : T h e s e w i l l be l i f ted f r o m the water , but kept c o o l , for 12 hours e a c h 

d a y , for 14 d a y s , a n d 30 e x a m i n e d 3 months later, a n d 30 e x a m i n e d 4 months later b y 

rout ine h is topatho logy . 

Group 2 (60 o y s t e r s ) : T h e s e w i l l be s h a k e n v i g o r o u s l y 4 t imes a d a y e a c h d a y for 14 d a y s , 

a n d 30 e x a m i n e d 3 months later, and 30 e x a m i n e d 4 months later by rout ine 

h is topatho logy . 

Group 3a (60 o y s t e r s ) : T h e s e w i l l be f l u s h e d wi th w a r m (25°C) wa ter e a c h d a y for 1 hour , 

for 14 d a y s . 

Group 3b (60 oys te rs ) : T h e s e w i l l be f l u s h e d wi th c o l d (5°C) w a t e r e a c h day for 1 hour , for 

14 d a y s . T h i r t y oysters o f both groups w i l l be e x a m i n e d 3 months later, a n d 30 o f e a c h 

group e x a m i n e d 4 months later, by rout ine h is topatho logy . 

Group 4a (60 o y s t e r s ) : T h e s e w i l l be kept in h y p o s a l i n e (15%o) w a t e r for 14 d a y s . 

Group 4b (60 o y s t e r s ) : T h e s e w i l l be kept in h y p e r s a l i n e (35%o) w a t e r for 14 d a y s . T h i r t y 

oys te rs o f both groups w i l l be e x a m i n e d 3 months later, a n d 30 o f e a c h group e x a m i n e d 4 

months later, b y rout ine h is topatho logy . 

Group 5 (60 o y s t e r s ) : T h e s e w i l l be kept in 0.22 ( j ,m-fi ltered s e a w a t e r for 14 d a y s , a n d w i l l be 

e x a m i n e d 3 months later b y rout ine h is topatho logy . 

Group 6 (60 o y s t e r s ) : T h e s e w i l l be kept under ambien t t a n k r o o m temperatures for 4 m o n t h s , 

a n d w i l l then be e x a m i n e d by rout ine h is topatho logy . 

T h e oys te rs w i l l be inspec ted t w i c e da i l y a n d a l l gapers a n d d e a d oys ters w i l l be r e m o v e d . 

G a p e r s a n d , w h e r e p o s s i b l e f r e s h l y d e a d oys ters w i l l be f i x e d for h is topa tho logy to determine 

the c a u s e o f death. 

Step 2: L a r g e n u m b e r s o f oys te rs f r o m the k n o w n most in fec ted a r e a in F o v e a u x Stra i t , w i l l 

be s u b j e c t e d to those protoco ls in S t e p 1 that w e r e best at e l e v a t i n g Bonamia s p . in fec t ion 

l e v e l s . 



Timeframe 

D e c e m b e r 2 0 0 0 to M a r c h 2 0 0 1 . 

9.2.2 S tudy 2 

Objective 

D e t e r m i n e the o p t i m u m c o n d i t i o n s u s i n g an in situ h y b r i d i s a t i o n ( I S H ) t e c h n i q u e , to ident i fy 

very l ight ly in fec ted oys te rs . 

Comment 

C u r r e n t l y two d i a g n o s t i c methods are genera l l y a v a i l a b l e ; e x a m i n a t i o n o f heart s m e a r s , and 

h is to logy . H i s t o l o g y is s l ight ly more s e n s i t i v e than heart s m e a r e x a m i n a t i o n , but it is more 

t ime c o n s u m i n g a n d e x p e n s i v e . Ne i ther t echn ique is s e n s i t i v e e n o u g h to be sure that oys te rs 

are u n i n f e c t e d , a n d thus a more sens i t i ve techn ique is n e e d e d to i n s u r e that the cont ro l or 

un in fec ted oys te rs in the exper iments b e l o w , t ru ly are un in fec ted . T h e F r e n c h government 

m a r i n e r e s e a r c h a g e n c y I F R E M E R h a v e d e v e l o p e d m o l e c u l a r p robes s p e c i f i c for the genus 

Bonamia, a n d for both the Bonamia spp . T h i s permi ts detect ion o f as f e w as 2 0 Bonamia in 

one oyster by a t e c h n i q u e c a l l e d in situ h y b r i d i s a t i o n ( I S H ) , c o m p a r e d w i t h as f e w as an 

es t imated 2 0 0 Bonamia in one oyster that c a n be detected b y h is to logy after e x a m i n a t i o n o f 5 

s e c t i o n s for two h o u r s . H o w e v e r , this does not de f in i t i ve ly ident i fy u n i n f e c t e d oysters and 

requi res k i l l i n g o f the oyster to car ry out I S H . T h e r e f o r e the intent ion is to use the techn ique 

to ident i fy beds e l s e w h e r e in the country that c a n be u s e d as a s o u r c e o f un in fec ted oys te rs . 

N I W A w i l l p a y for the I F R E M E R sc ient is t w h o d e v e l o p e d the probe (Na tha l i e C o c h e n n e c ) to 

opt im ise the techn ique in N e w Z e a l a n d , on f r e s h a n d f i x e d mate r ia l . 

Experimental design 

T h r e e groups o f oys te rs w i l l be u s e d . 

Group 1: O y s t e r s s a m p l e d in A p r i l 2 0 0 0 w e r e u s e d to prepare heart s m e a r s , but s o m e o f t h e m 

w e r e a l s o f i x e d in D a v i d s o n ' s f i xa t ive for 2 4 h r s , a n d then in 7 0 % e thano l , to preserve 

D N A . W a x b l o c k s w i l l be prepared o f those o y s t e r s , w h i c h var ied f r o m h e a v i l y in fec ted to 

apparent ly un in fec ted , on the b a s i s o f the heart s m e a r s . T w o sec t ions w i l l be cut f r o m 

e a c h o f 2 0 b l o c k s , one s ta ined for h is to logy , the other to be u s e d for I S H . 

Group 2: O y s t e r s taken o v e r the winters o f 2 0 0 0 a n d 2 0 0 1 , w i l l be f i x e d a n d p r o c e s s e d u s i n g 

the s a m e p r o t o c o l . 

Group 3: T h e s e oys te rs ( n = 5 0 0 ) w i l l be f r e s h l y s h u c k e d a n d p r o c e s s e d for heart s m e a r s , 

h i s t o l o g y a n d I S H . T h e y w i l l be u s e d to op t im ise the u s e o f the D N A probe to detect 

Bonamia. O n c e this h a s b e e n done , the probe w i l l be u s e d for I S H o n G r o u p 1 a n d G r o u p 

2 o y s t e r s e c t i o n s . T h u s at the e n d o f the study the re la t ive sens i t i v i t i es o f the 3 t e c h n i q u e s , 

a n d the dep le t ion o f Bonamia s p . o v e r w i n t e r w i l l h a v e b e e n de te rmined . 

Timeframe 

J a n u a r y to M a r c h 2 0 0 1 . 

9.2.3 S tudy 3 

Objective 

T o de te rmine the best method o f p u r i f y i n g v i a b l e Bonamia s p . f r o m in fec ted oys te rs , b y 

adapt ing p u b l i s h e d t e c h n i q u e s on Bonamia ostreae. 



Comment 
In order to carry out studies on survival of Bonamia sp. outside the host, transmission in 
relation to distance/density, the course of infection, it is necessary to have quantified viable 
purified Bonamia sp. Purification techniques have been developed for Bonamia ostreae 
(Mialhe et al. 1988), and a similar sized pathogen of oysters, Mikrocytos roughleyi (Hervio et 
al. 1996), using sucrose density gradient centrifugation. Purification of Bonamia ostreae 
showed the yield to be between 107 and 5 x 107 (Mialhe et al. 1988). New Zealand Bonamia 
sp. is slightly larger and therefore these techniques wi l l have to be modified. 

Experimental design 
Foveaux Strait oysters (n=180) from areas of recent mortality wi l l be divided into 6 groups of 
30 oysters). Each group wi l l be shucked 10 at a time, heart imprints prepared and stained, and 
the imprints examined microscopically for the presence of Bonamia sp. Heavily infected 
oysters w i l l be kept chilled and, after a small sample of digestive gland has been fixed for 
histology, the remainder w i l l be weighed and then homogenised, and layered over sucrose 
and Percoll density gradients. After centrifugation, the cells at each interface w i l l be 
removed, half the volume removed wi l l be quantified using a haemocytometer, and the other 
half wi l l be stained with acridine orange (Morvan et al. 1997), and examined under a 
fluorescence microscope, to assess viability. The purity of each interface w i l l be assessed, the 
levels of Bonamia sp. retrieved wi l l be compared with the levels of infection determined by 
histopathological examination of the fixed tissue, and viability assessed in relation to 
temperature and centrifugation speed. 

Timeframe 
..January to March 2001. 

9.3 Understanding the life history of Bonamia sp. and its relationship to 
oysters 

9.3.1 Study 4 

Objective 

To determine the time course of infection from initial infection to death of infected oysters. 

Comment 
This information is required for direct application to the model, and in order to keep up a 
supply of heavily infected oysters. As in 2.4, the results w i l l be affected by temperature, and 
the experiments must therefore be carried out at 8°C and 15°C. 

Experimental design 
Groups of 20 live uninfected oysters wi l l be held in small tanks (40 x 20 x 20 cm), and 
inoculated into the digestive gland with 102, 104, 105 and 10 6 purified viable Bonamia sp. in 
0.22 L im filtered seawater (FSW), and one group with FSW only (control) and held at 8°C 
and 15°C. This requires 200 oysters. At 2, 3, 4, and 5 months, 5 oysters from each group wi l l 
be fixed and examined using routine histology. Should the results prove inconclusive, the 
experiment w i l l be repeated and possibly modified. 

Timeframe 
March to June 2001, and March to June 2002 



9.3.2 Study 5 

Objective 
To determine the size at which oysters become (i) infected with Bonamia sp., and (ii) 
diseased with Bonamia sp. 

Comment 

Each year only 10-12% of Foveaux Strait dredge oysters spawn as females, but 70-90% have 
male gametes (Jeffs & Creese 1996). Observations on the distribution and abundance within 
oysters between 1986 and 1988 showed that Bonamia sp. was most abundant in female 
oysters that were absorbing their eggs, rather than spawning them (Hine 1991a, 1991b). The 
absorption of ova by oysters is a marked feature of their reproductive cycle, particularly from 
January to May (Jeffs & Creese 1996, Cranfield pers. comm.), and may be related to 
temperature as the proportion of females spawning their ova is higher in the north of New 
Zealand (Jeffs & Hickman 2000). As the absorption of ova appears to be such an important 
feature in the annual pattern of infection, it would seem likely that in small oysters, before 
the first female cycle, the parasite may be present but not cause disease, while during their 
first female cycle disease may develop during ova absorption. Unfortunately, there is a dearth 
of information on this, and what little is known is conflicting. In European Ostrea edulis, 
parasite development is not clearly tied to reproductive cycle (Culloty & Mulcahy 1996), and 
infection levels may range from 4% as spat, to 39% at 18 months, 66% at 2 years, and more 
than 77% at over 3 years (Tige et al. 1982). Foveaux Strait dredge oysters first enter their 
male cycle at 20 mm, and their female cycle at 50 mm (Jeffs & Hickman 2000), but during a 
survey of Foveaux Strait oysters in June-July 1990 of oysters over 30 mm, 17% (n=12) of 
oysters 31-40 mm were infected, with all oysters falling between 16% (41-50 mm; n=87) 
and 25% (61-70 mm; n=685). Therefore there appeared to be little difference in infection 
levels in the different size groups, but the survey only included 12 oysters in the 31-40 mm 
size group, and none of the size of first maturity, 20 mm. Whether an individual oyster 
becomes infected is likely to be determined by a combination of size and temperature, small 
oysters and low temperatures resulting in the ingestion of less food, and therefore less 
infective particles, than larger oysters at higher temperatures. The experiment w i l l therefore 
be run at 8°C and 15°C. 

Experimental design 
Spat and juveniles of wi ld Ostrea chilensis, 10-70 mm in height, w i l l be collected and 
divided into 10-20, 21-40 and 41-70 mm size groups. To determine whether they are already 
infected with Bonamia sp., 25 of each size group w i l l be fixed using the fixation routine 
giving optimal results for in situ hybridisation (ISH), and the prevalence and intensity of 
infection with Bonamia sp., i f any, w i l l be determined. The two combinations of dose and 
time giving optimum infections, determined from the results of study 10., w i l l be used to 
expose the three size groups at 25 oysters/tank measuring 40 x 20 x 20 mm. After exposure, 
the oysters w i l l be held in clean seawater for the time needed to develop patent infections, 
determined previously. Another group of 25 oysters, held in a tank 40 x 20 x 20 mm, w i l l be 
held in clean seawater for the same times as for experimental groups and w i l l act as a control 
group. The exposures and subsequent holding of oysters w i l l be run at 8°C and 15°C. After 4 
months, or at the deaths of oysters, heart smears w i l l be prepared, and tissues wi l l be fixed 
for histology and ISH 

Timeframe 
February 2002 to June 2002 



9.3.3 Study 6 

Objective 

T o de te rmine the extent to w h i c h the parasi te popula t ion is deple ted o v e r winter . 

Comment 
A f t e r M a y e a c h year the parasi te popula t ion s h o w s in t race l lu la r c h a n g e s sugges t ive o f 

a b n o r m a l l ip id m e t a b o l i s m a n d s e n e s c e n c e ( H i n e 1992 , H i n e & W e s n e y 1 9 9 2 , 1 9 9 4 b ) , w h i c h 

p r e c e d e s an apparent c r a s h in the parasi te popu la t ion ( H i n e 1 9 9 1 a , 1 9 9 1 b ) . H o w e v e r , the 

degree to w h i c h the paras i te popu la t ion c r a s h e s is u n k n o w n as it h a s b e e n d i f f icu l t to obtain 

s a m p l e s o v e r w in ter , a n d thus cur rent k n o w l e d g e is b a s e d on f e w data . It is important to 

d i s c o v e r the extent to w h i c h the popula t ion c r a s h e s , b e c a u s e i f the c r a s h is s e v e r e , the a n n u a l 

pattern o f in fec t ion c a n be treated as an a n n u a l event not i n f l u e n c e d by the events o f the 

p r e v i o u s year . A l t e r n a t i v e l y , i f the c r a s h is par t ia l , the a n n u a l event w i l l be i n f l u e n c e d by the 

s i z e o f the paras i te popu la t ion in the p r e c e d i n g year . A l t h o u g h s e n e s c e n c e o f the paras i te 

popu la t ion m a y a c c o u n t for the s u d d e n d e c l i n e o f paras i tes , it m a y be that t i ssue l e v e l s are 

a l s o i n f l u e n c e d by the rate o f uptake o f Bonamia s p . , a n d thus d e c l i n e in paras i tes m a y be due 

to r e d u c e d f e e d i n g at the c o l d temperatures o f winter . T h i s m a y be inves t iga ted in studies 4 

a n d 5 a b o v e . 

Experimental design 

F i f t y w i l d oysters w i l l be d redged month ly f r o m 4 stat ions a r o u n d the a rea o f F o v e a u x Stra i t 

that e x p e r i e n c e d h igh morta l i ty in A p r i l 2 0 0 0 , f r o m A u g u s t to O c t o b e r 2 0 0 0 and 2001 and 

f i x e d u s i n g a protoco l g i v i n g g o o d resul ts w i th I S H for Bonamia ostreae in E u r o p e ( 2 0 0 0 

s a m p l e s ) , a n d the protoco l g i v i n g o p t i m u m resul ts u s i n g I S H (2001 s a m p l e s ) . H e a r t impr ints 

w i l l a l s o be prepared f r o m e a c h oyster , a n d in fec t ion l eve ls u s i n g hear t impr in ts , rout ine 

h is to logy a n d I S H for e a c h oyster , w i l l be c o m p a r e d . T h e d is t r ibut ion o f the paras i te w i th in 

e a c h oys te r w i l l be r e c o r d e d in order to try to determine whe ther those paras i tes detected are 

remnants o f the p r e v i o u s y e a r ' s in fec t ion , or n e w l y o c c u r at l i k e l y porta ls o f entry . 

Timeframe 

A u g u s t to O c t o b e r 2 0 0 0 a n d 2 0 0 1 . 

9.3.4 Study 7 

Objective 

T o de te rmine h o w long the paras i te c a n s u r v i v e outs ide the host . 

Comment 

T h e r e are t w o facets to s u r v i v a l outs ide the host ; s u r v i v a l in the w a t e r c o l u m n d u r i n g 

t r a n s m i s s i o n b e t w e e n hos ts , a n d s u r v i v a l on boats a n d f i s h i n g gear w h e n the paras i te w i l l be 

e x p o s e d to part ia l d e s i c c a t i o n a n d u l t rav io le t l ight. Bonamia s p . h a s n o k n o w n spore stage 

res is tant to d e s i c c a t i o n , a n d the stage that ex is ts outs ide the host , the d e n s e f o r m o f the 

paras i te , i s s i m p l y a s m a l l (~2 p,m) p r o t o p l a s m i c stage. It therefore appears u n l i k e l y that it 

c a n s u r v i v e for long outs ide the oyster , par t i cu la r ly in o n l y s e m i - m o i s t c o n d i t i o n s , or e x p o s e d 

to U V l ight. T h e host , Ostrea chilensis, is k n o w n to be ab le to s u r v i v e at a w i d e range o f 

temperatures ( 6 - 2 3 ° C ) a n d sa l in i t ies ( 8 - 3 3 % o ) ( B u r o k e r et al. 1 9 8 3 ) . 

Experimental design 

T h e r e are no p u b l i s h e d s tud ies on the s u r v i v a l or d y n a m i c s o f h a p l o s p o r i d i a n s outs ide their 

hos ts , but s tudies h a v e been p u b l i s h e d on Perkinsus marinus ( the c a u s e o f D e r m o d i s e a s e in 

oys te rs , Crassostrea virginica, in the eastern U . S . ) . In the latter c a s e , s tud ies h a v e u t i l i sed 



i m m u n o a s s a y s b a s e d o n p o l y c l o n a l and m o n o c l o n a l ant ibodies ( D u n g a n & R o b e r s o n 1993 , 

R o b e r s o n et al. 1996 , D u n g a n 1997 , D u n g a n & H a m i l t o n 1997 ) , a n d the p o l y m e r a s e c h a i n 

react ion ( P C R ) ( W r i g h t et al. 1997 , Y a r n a l l et al. 1997 ) . W h i l e these g i v e very accura te 

resu l ts , the d e v e l o p m e n t of s i m i l a r t echn iques for Bonamia s p . , are c o s t l y , t i m e - c o n s u m i n g , 

a n d outs ide the s c o p e o f this s tudy. O t h e r t echn iques w i l l h a v e to be d e v e l o p e d to undertake 

this w o r k , but b a s i c a l l y one o f two re la t ive ly c h e a p e x p e r i m e n t a l a p p r o a c h e s are e n v i s a g e d . 

B o t h i n v o l v e h o l d i n g pur i f i ed v iab le Bonamia s p . in F S W o f v a r i o u s sa l in i t i es , fo r di f ferent 

per iods o f t ime a n d a range o f temperatures, , in p las t ic?mul t iwe l l t rays . B e f o r e b e i n g p l a c e d in 

the w e l l s , the Bonamia s p . w i l l be tested for v iab i l i ty u s i n g a c r i d i n e orange , a n d w i l l be 

quant i f i ed . A t the e n d o f the exper iment , the w a t e r w i l l be r e m o v e d a n d e i ther gent ly spun 

d o w n in a cent r i fuge tube, or the water p a s s e d through a 0 . 2 2 urn n i t r o c e l l u l o s e f i l ter. T h e 

v iab i l i ty o f the paras i te w i l l be a s s e s s e d u s i n g ac r id ine orange , a n d a s i m p l e p rocedure 

d e v e l o p e d to quant i fy the r e m a i n i n g paras i tes . 

Stage 1 Survival in water: T h e e n v i r o n m e n t a l parameters tested w i l l be sa l in i ty ( i .e . , 5 , 15, 

25%o), temperature ( i .e . , 0 , 4 , 2 5 ° C ) , and t ime ( i .e . , 1, 2 , 3 , 4 , 6 , 8, 12, 2 4 , 4 8 h o u r s ) . 

Stage 2 Survival on surfaces: T h e s e e x p e r i m e n t s w i l l be c a r r i e d out at 1 6 - 1 8 ° C u s i n g F S W 

of ~32%o sa l in i ty . T h e ef fects o f d e s i c c a t i o n a lone , sun l ight a lone , a n d sun l ight a n d 

d e s i c c a t i o n , w i l l be invest igated . I n a l l c a s e s , n i t r o c e l l u l o s e f i l ters w i l l be u s e d to s imula te 

s u r f a c e s , a n d it w i l l be n e c e s s a r y in i t ia l ly to de te rmine the best m e t h o d o f p l a c i n g Bonamia 

s p . on the f i l ters w i thout s ign i f i can t l y a f fec t ing paras i te v iab i l i ty . T h e best m e t h o d m a y be to 

f i l ter s m a l l v o l u m e s o f s e a w a t e r c o n t a i n i n g p u r i f i e d Bonamia s p . onto f i l ters in c h a m b e r s 

a t tached to s y r i n g e s . O n c e this has been a c h i e v e d , d e s i c c a t i o n w i l l be inves t iga ted b y p l a c i n g 

u n c o n t a m i n a t e d f i l ters in s m a l l p las t ic w e l l s , c o v e r e d w i t h a drop o f F S W , a n d de te rmin ing 

h o w l o n g the f i l ters d e s i c c a t e a w a y f r o m sun l igh t , at r o o m temperature . F i l t e r s w i th v iab le 

Bonamia s p . w i l l then be p l a c e d in s m a l l p l a s t i c w e l l s and c o v e r e d w i t h a drop o f F S W . H a l f 

the f i l ters w i l l be a l l o w e d to d e s i c c a t e , w h i l e the other (cont ro l ) h a l f w i l l be i r r igated as 

n e c e s s a r y to reta in a drop o f F S W . D u p l i c a t e f i l ters o f both d e s i c c a t i n g a n d mois t (contro l ) 

f i l ters w i l l be taken at one fifth o f the t ime n e e d e d for c o m p l e t e d e s i c c a t i o n , a n d parasi te 

v iab i l i ty w i l l be de te rmined u s i n g a c r i d i n e orange on one h a l f o f e a c h f i l ter, and the other 

h a l f f i x e d for t r a n s m i s s i o n e lect ron m i c r o s c o p y ( T E M ) . A para l l e l e x p e r i m e n t w i l l be c a r r i e d 

out in d i rec t sun l igh t ; i.e., d e s i c c a t e d f i l ters e x p o s e d to sun l ight o v e r the p e r i o d o f d e s i c c a t i o n 

c o m p a r e d w i th mo is t f i l ters e x p o s e d to sun l ight o v e r the s a m e per iod . E a c h c o m b i n a t i o n o f 

d e s i c c a t i o n / e x p o s u r e w i l l be c a r r i e d out t w i c e . 

Timeframe 

A p r i l to J u n e 2 0 0 1 . T h i s s tudy is t imed to be c a r r i e d out d u r i n g a per iod w h e n in fec ted 

mater ia l w i l l be a v a i l a b l e . 

9.3.5 Study 8 

Objective 

T o de te rmine the rate o f s h e d d i n g o f Bonamia s p . b y l i v e , m o r i b u n d a n d d e a d oys te rs . 

Comment 
It c a n n o t be a s s u m e d that in fec ted oysters s h e d Bonamia s p . at the s a m e rate throughout the 

c o u r s e o f in fec t ion . T h e stage o f in fec t ion , a n d degree o f i n f e c t i o n , w i l l i n f l u e n c e the rate o f 

s h e d d i n g . O y s t e r s in the ear ly stages o f in fec t ion , or w i th l ight in fec t ions m a y not s h e d 

Bonamia sp . , w h i l e c o n v e r s e l y , those that are h e a v i l y in fec ted or I n rep ly to: the late s tage o f 

in fec t ion m a y s h e d m a n y par t ic les . S h e d d i n g w i l l a l s o be a f fec ted by temperature , b e c a u s e 

temperature d i rec t ly a f fects the p h y s i o l o g y o f the host , a n d it is therefore n e c e s s a r y that rate 



o f s h e d d i n g is s tud ied at the temperature ex t remes o f the bo t tom o f F o v e a u x Stra i t , 8 ° C and 

1 5 ° C ( C r a n f i e l d 1 9 6 8 a , 1968b) . 

Experimental design 
In i t ia l ly two m e t h o d s , f i l t rat ion and cent r i fugat ion w i l l be e v a l u a t e d , m o d i f i e d f r o m the 

t e c h n i q u e s o f P e r n i n et al. ( 1 9 9 8 ) . In i t ia l ly , s m a l l tanks ( 1 0 0 x 100 x 150 m m ) w i l l be 

c o n s t r u c t e d that h a v e a f u n n e l l e d out f low lead ing to a c i r c u l a r g r id o f ~ 2 0 m m diameter , on 

w h i c h a n i t r o c e l l u l o s e f i l ter c a n be p l a c e d . A s l o w f l o w o f water through the tank w i l l be 

s e e d e d w i th a k n o w n n u m b e r o f pur i f ied Bonamia s p . , a n d the ou t f low e i ther f i l tered through 

a n i t r o c e l l u l o s e f i l ter , o r c o l l e c t e d for cent r i fugat ion . T h e f i l ter w i l l then be r e m o v e d , c l e a r e d 

a n d s ta ined w i th H e m a c o l o r or another s ta in , a n d the n u m b e r o f Bonamia s p . w i l l be c o u n t e d , 

a n d an a l iquot o f the cent r i fuged water w i l l be f i l tered, the f i l ter c l e a r e d , a n d treated as for 

the f i l tered s a m p l e . T h i s in i t ia l e x p e r i m e n t w i l l be u s e d to de te rmine w h i c h o f f i l t rat ion 

a l o n e , o r cent r i fugat ion o f an al iquot f o l l o w e d b y f i l t rat ion, g i v e s the best re t r ieva l , the 

percentage o f Bonamia s p . re t r ieved c o m p a r e d w i th n u m b e r s s e e d e d , a n d the best w a y o f 

detect ing f i l tered Bonamia s p . 

A t e a c h temperature , 2 0 i n d i v i d u a l adult un in fec ted oys te rs w i l l be i n o c u l a t e d wi th Bonamia 

s p . at a d o s a g e that w i l l l ead on to d i s e a s e a n d death , u s i n g the in fo rmat ion gathered f r o m 

e x p e r i m e n t 4 ( a b o v e ) . T h e y w i l l be h e l d in the s m a l l tanks at 8 ° C a n d 1 5 ° C for 3 - 4 months or 

unt i l the e x p e r i m e n t e n d s , a n d t w i c e a w e e k the water that f l o w s through e a c h tank in one 

h o u r w i l l be e x a m i n e d , a n d the n u m b e r o f Bonamia s p . re t r ieved w i l l be d e t e r m i n e d . F r o m 

this the n u m b e r s h e d o v e r 2 4 hours c a n be de te rmined . S h o u l d oysters be s e e n to gape and be 

m o r i b u n d , s a m p l e s w i l l be taken more f requent ly . F o u r i n d i v i d u a l oys te rs w i l l be s h a m 

i n j e c t e d , but o t h e r w i s e treated as the e x p e r i m e n t a l oys te rs , a n d s e r v e as c o n t r o l s . S u r v i v i n g 

oysters w i l l be f i x e d a n d e x a m i n e d h i s t o l o g i c a l l y to determine the status o f in fec t ion . 

Timeframe 
J a n u a r y to A p r i l 2 0 0 2 . 

9.3.6 Study 9 

Objective 

T o de te rmine the re la t ionsh ips be tween the g a m e t o g e n i c c y c l e o f oys te rs a n d l i fe c y c l e o f 

Bonamia sp . , a n d b e t w e e n Bonamia s p . a n d c o n c u r r e n t in fec t ions . 

Comment 

D u r i n g 1986 a n d 1 9 8 7 , deta i led in format ion w a s c o l l e c t e d on e a c h o y s t e r ( reproduct ive state, 

d is t r ibut ions o f l e s i o n s ) , other parasi tes ( a p i c o m p l e x a n s , m i c r o s p o r i d i a n s , R i c k e t t s i a s , l a rvae 

o f b u c e p h a l i d t rematodes) and their intensi ty a n d t issue d is t r ibu t ions , a n d neop las t ic 

c o n d i t i o n s . T h e s e data h a v e yet to be a n a l y s e d , but represents a c o n s i d e r a b l e r e s o u r c e . T h e s e 

data w i l l be a n a l y s e d to better d e s c r i b e the b i o l o g y o f Bonamia s p . a n d oys te rs . 

Timeframe 

W i n t e r s o f 2 0 0 0 a n d 2 0 0 1 . 



9.4 Understanding the mechanism of spread of Bonamia sp. epizootic 

9.4.1 Study 10 

O b j e c t i v e 

T o de te rmine the d i s t a n c e o v e r w h i c h the parasi te c a n be t ransmit ted b e t w e e n oys te rs . 

C o m m e n t 

T h i s e x p e r i m e n t w i l l requi re oysters that are l i ke ly to be Bonamia s p . - i n f e c t e d , a n d oysters 

that are not in fec ted . T h e fo rmer m a y be obta ined as a resul t o f the resul ts obta ined f r o m 

study 1 ( a b o v e ) . T h e latter c a n o n l y be obta ined w i th cer ta inty w h e n w e h a v e a c c e s s to a 

s e n s i t i v e m o l e c u l a r probe for N e w Z e a l a n d Bonamia d e v e l o p e d b y I F R E M E R , w h i c h w i l l be 

a v a i l a b l e after a v is i t by an I F R E M E R sc ient is t in J a n u a r y - F e b r u a r y 2 0 0 1 . W i t h regard to 

t r a n s m i s s i o n , t w o parameters are l i ke ly to be important , oys te r dens i ty , a n d the d is tance 

b e t w e e n oys te rs . It is k n o w n f r o m c i r c u m s t a n t i a l e v i d e n c e that the paras i te r e a d i l y t ransmits 

b e t w e e n oys ters l y i n g c l o s e to e a c h other, but the c r i t i c a l d i s t a n c e s that are i n v o l v e d are 

u n k n o w n . T h i s e x p e r i m e n t w i l l be c a r r i e d out ea r ly in the p r o g r a m m e b e c a u s e t r a n s m i s s i o n 

by c l o s e cohab i ta t ion b e t w e e n h e a v i l y in fec ted oys te rs (ob ta ined f r o m study 1) and 

u n i n f e c t e d o y s t e r s , m a y be the most e f fec t ive w a y o f ob ta in ing h e a v i l y in fec ted oysters for 

subsequent s tud ies . 

T h e set t ing up e x p e r i m e n t s in w h i c h un in fec ted oysters o f v a r y i n g dens i ty are e x p o s e d to 

in fected oys te rs at di f ferent d is tances w o u l d entai l c o n s i d e r a b l e c o s t a n d the need for 

c o n s i d e r a b l e s p a c e . H o w e v e r , it is p o s s i b l e to take an al ternat ive a p p r o a c h u s i n g di f ferent 

concen t ra t ions o f v i a b l e pur i f ied Bonamia s p . as a p r o x y for d i s t a n c e . T h u s the d i lu t ion o f 

in fec t ive par t ic les wi th d is tance f r o m an oyster w o u l d be s i m u l a t e d b y e x p o s i n g oysters to 

di f ferent paras i te c o n c e n t r a t i o n s . F o r this quant i tat ive a p p r o a c h to be a p p l i c a b l e to a m o d e l , it 

w o u l d be n e c e s s a r y to determine the degree o f d i lu t ion wi th d i s t a n c e f r o m the in fec ted 

s o u r c e , a n d the a p p r o x i m a t e n u m b e r s o f Bonamia s p . s h e d by l i v i n g , m o r i b u n d , and dead 

in fec ted oys te rs (see study 8 ) . T h e e x p e r i m e n t a l w o r k m u s t be c a r r i e d out at temperatures 

s i m u l a t i n g the bot tom o f F o v e a u x Strai t , 8 ° C - 1 6 ° C ( C r a n f i e l d 1 9 6 8 ) . T e m p e r a t u r e af fects the 

rate at w h i c h oys te rs f e e d , a n d therefore the rates at w h i c h they ingest par t i c les . F o r an 

in fec t ion to b e c o m e e s t a b l i s h e d , a cer ta in n u m b e r o f in fec t ious par t ic les h a v e to be ingested 

w i th in a shor t t ime ( H e r v i o et al. 1995 ) . I f f e e d i n g rates s l o w w i t h d e c l i n i n g temperature, 

in fec t ious par t ic les are ingested more s l o w l y , a n d d e s t r o y e d b y the host ( H i n e & W e s n e y 

1 9 9 4 b ) . T h e r e f o r e , the d is tance o v e r w h i c h in fec t ion c a n b e s u c c e s s f u l l y e s t a b l i s h e d is 

af fec ted b y temperature , a n d w o u l d be di f ferent in s u m m e r a n d win ter . 

Experimental design 
I n i t i a l l y it w i l l be n e c e s s a r y to f ind a s o u r c e o f u n i n f e c t e d oys te rs . It is k n o w n that Bonamia 

s p . o c c u r s in flat oysters in D u s k y S o u n d , in F o v e a u x Stra i t a n d a r o u n d S t e w a r t I s l a n d , 

G o l d e n B a y , T a s m a n B a y , the M a r l b o r o u g h S o u n d s , Por t U n d e r w o o d , a n d W e l l i n g t o n 

H a r b o u r . N o r t h I s l a n d s tocks are k n o w n to be gene t ica l l y d i f ferent f r o m S o u t h I s l a n d s tocks 

( F o i g h i l et al. 1 9 9 9 ) , a n d a s u r v e y o f Nor th I s l a n d s i tes in 1986 s h o w e d t h e m to be 

un in fec ted . H o w e v e r , Nor th I s l a n d s tocks are s c a r c e , p o s s i b l y the t w o best s i tes b e i n g a round 

K a w a u I s l a n d a n d in M a n u k a u H a r b o u r . T h e r e f o r e , an exp lora tory s u r v e y w i l l h a v e to be 

c a r r i e d out o f the C a t l i n s , Port C h a l m e r s , p o s s i b l y other east a n d w e s t coas t s i tes , a n d other 

N o r t h I s l a n d s i tes . 

A s s u m i n g w e e x a m i n e 150 oysters e a c h f r o m 6 p o s s i b l y u n i n f e c t e d s i tes , u s i n g the Bonamia 

s p . p robe , 9 0 0 oys ters w i l l h a v e to be f i x e d for h i s t o l o g y / I S H . H i s t o l o g i c a l e x a m i n a t i o n w i l l 

be c a r r i e d out on e a c h , and any s h o w i n g h a e m o c y t o s i s , or any other pa tho logy suggest ive of 

Bonamia sp . , w i l l be s e c t i o n e d again and e x a m i n e d by I S H . 



T h i s w o r k w i l l e s s e n t i a l l y f o l l o w the e x p e r i m e n t a l a p p r o a c h o f H e r v i o et al. ( 1 9 9 5 ) . T h e 

e x p e r i m e n t w i l l be c a r r i e d out in at least two stages. 

S t a g e 1. G r o u p s o f 10 l ive un in fec ted oysters w i l l be h e l d in s m a l l tanks ( 4 0 x 2 0 x 2 0 c m ) , 

and e x p o s e d to 1 0 2 , 1 0 3 , 1 0 4 , 1 0 5 , 1 0 6 a n d 1 0 7 pur i f i ed v iab le Bonamia s p . (as there are 10 

oysters in e a c h e x p o s e d group , they w i l l be e x p o s e d to 10 1 , 1 0 2 , 1 0 3 , 1 0 4 , 1 0 5 a n d 1 0 6 pur i f ied 

v iab le Bonamia sp . ) in n o n - c i r c u l a t i n g s e a w a t e r for 1, 2 , 3 , 6, 12, a n d 2 4 h at 1 5 ° C . T h e 

water w i l l then be r e p l a c e d by c l e a n seawate r , a n d the oysters reared for 3 - 4 months at 1 5 ° C . 

A n o t h e r group o f 10 o y s t e r s , h e l d in n o n - c i r c u l a t i n g c l e a n s e a w a t e r for 12 h a n d then in c l e a n 

c i r c u l a t i n g s e a w a t e r for 3 - 4 months at 1 5 ° C , w i l l act as con t ro ls . T h i s i n v o l v e s 6 groups he ld 

for 6 t ime per iods , p lus cont ro ls (37 v a r i a b l e s ; 3 7 0 o y s t e r s ) . T h o s e g a p i n g or d y i n g dur ing the 

3 months w i l l be f i x e d a n d e x a m i n e d by rout ine h is to logy . A l l s u r v i v i n g oysters w i l l be f i x e d 

a n d e x a m i n e d by rout ine h is to logy after 3 - 4 m o n t h s . 

S t a g e 2 . W i l l be a repeat o f stage 1, but at 8 ° C . 

T i m e f r a m e 

D e c e m b e r 2 0 0 0 to A p r i l 2 0 0 1 , a n d D e c e m b e r 2001 to M a r c h 2 0 0 2 . 

9.5 Understanding the host-parasite interaction between the oyster 
population and Bonamia sp. 

9.5.1 Study 11 

O b j e c t i v e 

T o m o d e l the hos t -paras i te in teract ions b e t w e e n oysters a n d Bonamia s p . 

C o m m e n t 

Bonamia s p . outbreaks in F o v e a u x Stra i t dredge oys ters h a v e an important i n f l u e n c e on the 

d y n a m i c s o f the popu la t ion . M a t h e m a t i c a l m o d e l s o f the host -paras i te or predator -prey 

in teract ion b e t w e e n Bonamia s p . a n d oys ters c a n p r o v i d e an ins ight into the ef fect o f 

Bonamia s p . e p i z o o t i c s on popula t ion , f i shery m a n a g e m e n t , a n d es t imates o f sus ta inab le 

y i e l d . S u c h m o d e l s h a v e not been d e v e l o p e d for Bonamia s p . in o y s t e r s , a l though m o d e l s for 

re lated pathogens h a v e recent ly been d e v e l o p e d for s o m e oys te r popu la t ions ( P o w e l l et al. 

1994 , H o f m a n n et al. 1 9 9 5 , P o w e l l et al. 1 9 9 6 , P o w e l l et al. 1 9 9 8 , F o r d et al. 1 9 9 9 , P a r a s o et 

al. 1 9 9 9 , P o w e l l et al. 1999 ) . T h e s e resul ts suggest that e n v i r o n m e n t a l e f fec ts , s u c h as 

temperature a n d sa l in i ty , c a n h a v e a m a j o r ro le in regula t ing the e p i z o o t i c events ( F o r d et al. 

1 9 9 9 , P a r a s o et al. 1 9 9 9 ) . I n addi t ion , s u c h m a t h e m a t i c a l m o d e l s a l l o w quant i ta t ive 

a s s e s s m e n t o f the re la t ive i m p a c t o f v a r y i n g factors on d i s e a s e e p i d e m i o l o g y . 

E x p e r i m e n t a l d e s i g n 

D e v e l o p m a t h e m a t i c a l m o d e l s o f the host -paras i te in teract ion b e t w e e n Bonamia s p . and 

oysters in F o v e a u x Stra i t , a n d val idate s u c h m o d e l s u s i n g s i m u l a t i o n w i t h the h i s t o r i c a l data 

( D o o n a n et al. 1994 , D o o n a n et al. 1999 , D u n n et al. 2 0 0 0 b ) a n d e x p e r i m e n t a l data f r o m 

S e c t i o n 2 a b o v e . 

T i m e f r a m e 

J u l y 2 0 0 1 to J u n e 2 0 0 2 



9.6 Understanding the role of genetic resistance in oysters to Bonamia sp. 

9.6.1 Study 12 

O b j e c t i v e 

T o de te rmine the ro le o f oys te r res is tance in the e p i d e m i o l o g y of Bonamia s p . 

C o m m e n t 

In the 1 9 8 6 - 1 9 9 2 e p i z o o t i c , the pattern o f in fect ion o b s e r v e d w a s c o n s i s t e n t wi th a 

t r a n s m i s s i o n c a s c a d e in w h i c h most oysters in a popula t ion h a d l o w to moderate Bonamia sp . 

in fec t ions . T h e s e w e r e thought to rap id ly bui l t up to h e a v y in fec t ions by recru i tment into the 

popu la t ion o f in fec t ive par t ic les f r o m up-current mortal i ty . T h i s led to the death o f h e a v i l y 

in fec ted oysters a n d re lease o f more in fec t ive par t ic les c a u s i n g mortal i ty d o w n s t r e a m . T h u s 

the e p i z o o t i c w a s seen as a c a s c a d e ( H i n e 1996 ) . It is w e l l k n o w n that oys te rs vary in their 

res is tance to m a n y d i s e a s e s , s u c h as Haplosporidium nelsoni ( M S X ) , Perkinsus marinus, and 

j u v e n i l e oys te r d i s e a s e ( J O D ) ( S u n i l a et al. 1 9 9 9 ) , n o c a r d i o s i s ( F r i e d m a n et al. 1999 ) a n d 

Bonamia ostreae ( N a c i r i - G r a v e n et al. 1998 , N a c i r i - G r a v e n et al. 1 9 9 9 ) . S u c h res is tance , 

w h e n it is las t ing , m a y be genet ica l ly de te rmined ( F a i s a l et al. 1 9 9 8 ) , but short te rm 

d i f f e r e n c e s in s u r v i v a l m a y be due to l o c a l d i f f e rences in e n v i r o n m e n t a l fac tors ( temperature , 

sa l in i ty , food ava i l ab i l i t y , turb id i ty ) a f fec t ing growth a n d feed ing rates ( G a f f n e y & B u s h e k 

1996 ) . 

T h e pattern o f in fec t ion seen d u r i n g the ep i zoo t ic in F o v e a u x Stra i t in A p r i l 2 0 0 0 d i d not 

s h o w the w i d e s p r e a d l o w leve ls o f in fec t ion l e a d i n g to h i g h e r l e v e l s i n s o m e i n d i v i d u a l s , and 

death in others l ead ing to a c a s c a d e . Ins tead , a r o u n d the site o f the e p i z o o t i c , most oysters 

h a d no detectable in fec t ion (a l though the techn ique u s e d , heart s m e a r s , is not ve ry s e n s i t i v e ) , 

but one o r two w o u l d h a v e h igh in fec t ion l e v e l s , often wi thout oys te rs b e i n g present w i th 

modera te i n f e c t i o n s . T h i s s e e m s to suggest that in an oyster b e d there w e r e m a n y oysters that 

w e r e res is tant to (rather than tolerant o f ) in fec t ion , but a f e w that w e r e h i g h l y suscep t ib le . 

T h e e p i z o o t i c m a y therefore h a v e been d u e to large n u m b e r s o f s u s c e p t i b l e oysters at one 

site. I f this interpretat ion o f the in fect ion pattern is cor rec t ( a n d as l is ted a b o v e , the 

e p i d e m i o l o g y o f m a n y protozoan d i s e a s e s o f b i v a l v e s is part ly de te rmined b y host g e n e t i c s ) , 

then the genet ics o f r e s i s t a n c e / s u s c e p t i b i l i t y o f F o v e a u x Stra i t oysters to Bonamia s p . , m a y 

p lay a n important ro le in the d e v e l o p m e n t o f e p i z o o t i c s . 

T i m e f r a m e 

T h e s tudies deta i led a b o v e w i l l take about t w o years to c o m p l e t e . T h e ro le o f res is tance is 

s e e n as c r i t i ca l to the unders tand ing o f the i m p a c t o f Bonamia s p . on the f i s h e r y , but studies 

on the genet ics o f r e s i s t a n c e w i l l take longer than t w o years a n d h a v e not b e e n c o s t e d . 

10. Effects of fishing on the environment 

10.1 Introduction 

T h e invest iga t ions deta i led in this sec t ion ( 1 0 . 1 - 1 0 . 3 . 1 ) w i l l be c a r r i e d out as part o f the 

F R S T cont rac t C O 1 X 0 0 0 7 " F i s h i n g : E c o s y s t e m E f f e c t s a n d R e s o u r c e S u s t a i n a b i l i t y " . T h e 

f irst g r o u p o f e x p e r i m e n t a l invest igat ions w i l l l o o k at shor t - te rm ef fects : is morta l i ty o f 

oysters ( s p e c i f i c a l l y morta l i ty f r o m b o n a m i a s i s ) re lated to ef fects o f f i s h i n g o n the sea f loor 

habitat a n d / o r is it d i rec t ly re lated to stress c a u s e d b y the f i s h i n g p r o c e s s ? T h e s e exper iments 

w i l l c o m p l e m e n t the ear l i e r exper iments a n d are dependent on t h e m for the d e v e l o p m e n t o f 

e x p e r i m e n t a l m e t h o d s . T h e s e c o n d group o f invest iga t ions c o n s i d e r s the l o n g - t e r m ef fects o f 

c h a n g e s in the s e a f l o o r habitat f r o m f i s h i n g o n growth a n d recru i tment o f oys te rs . T h e s e 



studies w i l l lead to the d e v e l o p m e n t o f methods o f a v o i d i n g mi t igat ing and r e m e d y i n g the 

e n v i r o n m e n t a l e f fects of f i sh ing . K e y in format ion i n c l u d e s : 

U n d e r s t a n d i n g the re la t ionsh ip b e t w e e n stress a n d Bonamia s p . ; 

1. I nves t iga t ing the ef fects o f s t ress f r o m a l tered habitat . 

2 . Inves t iga t ing the ef fects o f stress f r o m b u r i a l . 

3 . I nves t iga t ing the ef fects o f stress f r o m dredg ing . 

U n d e r s t a n d i n g the ro le o f habitat a n d habitat c h a n g e s o n recru i tment , g r o w t h , a n d morta l i ty 

o f oys te rs a n d their long- te rm ef fect on the f i shery ; 

4 . Inves t iga t ing the ef fects o f habitat c o m p l e x i t y on the o c c u r r e n c e a n d s p r e a d o f 

Bonamia s p . 

1 0 . 2 Does the occurrence and spread of disease result from exposure of 
infected oysters to stress 

It is thought Bonamia s p . a n d the N e w Z e a l a n d f lat oys ter h a v e c o - e x i s t e d for m a n y 

c e n t u r i e s , a n d that they are therefore h i g h l y adapted to e a c h other. C o n s e q u e n t l y they m a y 

n o r m a l l y e x i s t in a s teady state in w h i c h the parasi te present at a l o w l e v e l is to lerated b y the 

host , a n d does not prol i ferate to c a u s e d i s e a s e . I n near ly a l l repor ted e p i z o o t i c s , morta l i ty has 

d i rec t ly o r ind i rec t ly o c c u r r e d in a s s o c i a t i o n w i th h u m a n act iv i ty , a n d there is s o m e e v i d e n c e 

that s i m p l y h a n d l i n g oysters s u b j e c t s t h e m to s t ress , m a k i n g t h e m s u s c e p t i b l e to pa thogens . 

T h e e v i d e n c e for this is not w e l l f o u n d e d , a l though the b e l i e f is w i d e s p r e a d . T h e genera l 

strategy o f f ishers in f o c u s s i n g exp lo i ta t ion o f i n d i v i d u a l oys ter popu la t ions c o u l d c a u s e 

d i s t u r b a n c e that is l o c a l i s e d enough to e x p l a i n the f o c u s s e d nature o f the last t w o d i s e a s e 

outbreaks . In the cur rent outbreak it s e e m s that the b e d in w h i c h the d i s e a s e o c c u r r e d h a d 

b e e n s u b j e c t to o n l y l ight f i s h i n g in the s i x months pr ior to the start o f the f i s h i n g s e a s o n . 

W h e t h e r the st ress o f this l ight f i s h i n g w a s a c a u s a l o r cont r ibu t ing factor in the cur rent 

outbreak is u n k n o w n . 

A l t h o u g h oys ters m a y be s t ressed by natura l e n v i r o n m e n t a l events s u c h as s torms o r f o o d 

a v a i l a b i l i t y , these events tend to ef fect oys te rs o v e r the ent i re range o f d is t r ibut ion in 

F o v e a u x Stra i t a n d do not g ive r ise to l o c a l i s e d st ress that c o u l d e x p l a i n the onset o f d i s e a s e 

at f o c a l po ints . E a c h p r e v i o u s e p i z o o t i c h a s c o m m e n c e d at ve ry l o c a l i s e d s i tes a n d then 

rad ia ted f r o m that point . S t r e s s that c o u l d tr igger s u c h a d i s e a s e outbreak w o u l d therefore 

n e e d to be e q u a l l y l o c a l i s e d . A l g a l d is t r ibut ion in the turbulent c o n d i t i o n s o f F o v e a u x Stra i t 

is u n i f o r m ver t ica l ly a n d tends to be u n i f o r m o v e r large hor i zon ta l s c a l e s , h e n c e f e e d i n g 

c o n d i t i o n s for oys te rs are u n l i k e l y to prov ide l o c a l i s e d s t ress . P o o r f e e d i n g c o n d i t i o n s m a y 

stress the ent i re oys te r popula t ion that in c o m b i n a t i o n w i t h further c i r c u m s c r i b e d st ress c o u l d 

resul t in a l o c a l outbreak o f d i s e a s e . O n the other h a n d , c h a n g e s in the b e n t h i c habitat a n d 

s e d i m e n t mob i l i t y as the result o f c i r c u m s c r i b e d f i s h i n g ( C r a n f i e l d et al. 1 9 9 9 a ) , c o u l d c a u s e 

the sort o f loca l s t ress cons is ten t w i th the past f o c u s s e d d i s e a s e outbreaks . 

1 0 . 2 . 1 Stress from altered habitat 

D r e d g i n g not o n l y captures oys te rs . It a l s o captures other e p i f a u n a a n d c h a n g e s the nature o f 

the s e a f l o o r habitat . T h e s e c h a n g e s r e m o v e other f i l te r - feed ing e p i f a u n a , m a y render the 

r e m a i n i n g oys ters m o r e vu lnerab le to in fec t ion . 

( C r a n f i e l d et al. 1 9 9 9 b ) noted that the e p i d e m i c o f 1963 (attr ibuted at the t ime to another 

d i s e a s e but p robab ly the resul t o f b o n a m i a s i s H i n e 1 9 9 6 ) w a s la rge ly rest r ic ted to the eastern 

a rea o f F o v e a u x Stra i t w h e r e ep ibenthos w a s s p a r s e , w h i l e the w e s t e r n areas abundant 



ep ibenthos w e r e little a f fected. In the e p i d e m i c b e t w e e n 1986 a n d 1992 , b o n a m i a s i s 

c o m m e n c e d in the centre o f western F o v e a u x Stra i t w h e r e c o m m e r c i a l f i s h i n g had meant ime 

r e d u c e d ep ibenthos . In fec t ion radiated ou twards f r o m this f o c u s and o v e r s ix yea rs , d i s e a s e 

r e d u c e d oysters in p r e v i o u s l y f ished areas to u n e c o n o m i c dens i t i es . T h e ep i zoo t ic c e a s e d in 

1992 in the per iphery o f F o v e a u x Strait w h e r e ep ibenthos w a s st i l l abundant . 

A r e a s w i th h igh morta l i ty dur ing the two ear l ie r d i s e a s e outbreaks c o r r e s p o n d e d wi th areas 

f r o m w h i c h f i s h i n g h a d large ly r e m o v e d ep ibenthos . T h e s e data suggest that .epibenthos m a y 

mit igate the s p r e a d o f d i s e a s e . S u c h an ef fect c o u l d be the resul t o f greater n u m b e r s o f f i l ter 

feeders ( b i o g e n i c reefs are domina ted by ve ry h igh dens i t i es o f f i l ter f e e d i n g m y t i l i d s , 

tun ica tes , e n c r u s t i n g b r y o z o a a n d s p o n g e s ) f i l ter ing in fec t ive par t ic les in the v ic in i ty o f 

oys te rs . A l t e r n a t i v e l y (or add i t iona l ly ) it c o u l d be the resul t o f the re lease o f s p e c i f i c 

b i o l o g i c a l l y ac t ive c o m p o u n d s by these o r g a n i s m s . M a n y s p e c i e s o f these groups are k n o w n 

to p r o d u c e and re lease b i o l o g i c a l l y ac t ive c o m p o u n d s . S u c h secre t ions c o u l d k i l l in fec t ive 

par t ic les . 

E x p e r i m e n t a l d e s i g n 

T h e e x p e r i m e n t a l t e c h n i q u e s be ing d e v e l o p e d i n the in i t ia l Bonamia s p . invest iga t ion w i l l 

a l l o w us to ident i fy a n d c o u n t l i v i n g a n d d e a d i n f e c t i v e par t ic les o f Bonamia s p . in the water . 

T h e e x p e r i m e n t a l methods w i l l a lso a l l o w us to d e l i v e r s tandard d o s e s o f in fec t ive par t ic les 

for e x p e r i m e n t s . T h e s e m e t h o d s can then be u s e d in s i m p l e laboratory e x p e r i m e n t s that test 

the i m p a c t o f e p i f a u n a on t r a n s m i s s i o n o f in fec t ion . T h e e x p e r i m e n t s w o u l d m e a s u r e the 

c a p a c i t y o f d i f ferent dens i t ies o f f i l ter feeders ( M y t i l i d s , tun ica tes , s p o n g e s and b r y o z o a ) , 

a lone a n d in c o m b i n a t i o n , to r e m o v e or k i l l in fec t ive par t ic les in the water c o l u m n of stat ic 

tanks c o m p a r e d to cont ro l tanks. 

10.2.2 Stress from burial 

A t one western s i te (that is c o m m e r c i a l l y d redged) oysters h a v e been abundant on one d i v e , 

but not present on the next f i ve months later. I n the s a m e p e r i o d s a m p l i n g gear that h a d been 

put d o w n a n d left in p l a c e w h e n oysters w e r e v i s i b l e , h a d b e c o m e c o v e r e d by s e v e r a l m m of 

c o a r s e s h e l l s a n d w h e n rev is i ted . L i v i n g oysters o n this gear s u r v i v e d the bur ia l . A s oysters 

are d r e d g e d at this site c o m m e r c i a l l y , the oysters that c o u l d not be s e e n w e r e p robab ly a l s o 

b u r i e d under the s a n d . ( F i s h e r s h a v e a l w a y s ins is ted that oys te rs c a n b e c o m e c o v e r e d o v e r 

after a b i g s t o r m ) . S u c h bur ia l m a y not suf focate oys te rs (the c o a r s e s h e l l s a n d is p o r o u s ) but 

w i l l i m p e d e free f l o w o f water a n d a lgae s o b u r i e d oys te rs w i l l u n d e r g o nutr i t ive s t ress . T h i s 

c o u l d r e a d i l y p r o v i d e a l o c a l i s e d stress that c o u l d tr igger rap id i n c r e a s e o f in fec t ion in the 

b u r i e d oys te rs that o r ig ina l l y h a d h a d a lmost undetectab le l e v e l s o f in fec t ion . It is notable 

that m a n y m o r i b u n d oysters l anded on oyster v e s s e l s h a v e h a d c o n s i d e r a b l e a c c u m u l a t i o n s o f 

c o a r s e s h e l l grit in the mant le . T h e p o s s i b l e ro le o f s u c h st ress in e n h a n c i n g e x i s t i n g l eve ls o f 

in fec t ion c o u l d be r e a d i l y tested in laboratory e x p e r i m e n t s . 

E x p e r i m e n t a l d e s i g n 

A s a m p l e o f oys te rs w i l l be dredged f r o m an apparent ly u n i n f e c t e d a rea o f F o v e a u x Strai t . 

H e a r t s m e a r s o f 5 0 w i l l be e x a m i n e d to de termine the b a s e l i n e p r e v a l e n c e o f in fec t ion b y 

Bonamia s p . R e p l i c a t e s a m p l e s o f 5 0 (or s m a l l e r n u m b e r i f a q u a r i u m s p a c e dictates it) 

r a n d o m l y c h o s e n oys ters w i l l be p l a c e d in s ing le a q u a r i u m w i t h w a t e r o v e r f l o w r u n n i n g to 

w a s t e a n d b u r i e d u n d e r 5 c m s of c o a r s e s h e l l s a n d f r o m F o v e a u x Strai t . O y s t e r s in cont ro l 

a q u a r i u m w i l l not be bur ied . T h e oysters in one e x p e r i m e n t a l a n d one cont ro l a q u a r i u m w i l l 

be h a r v e s t e d f r o m e a c h a q u a r i u m at two-Week, f o u r - w e e k , s i x - w e e k a n d e i g h t - w e e k interva ls 

and hear t s m e a r s e x a m i n e d to determine the p r e v a l e n c e o f in fec t ion in exper imenta l and 

cont ro l g roups . 



10.2.3 Stress from dredging 

D r e d g i n g o n l y cap tures about 2 0 % of the oys te rs on the s e a f l o o r a n d the r e m a i n i n g 8 0 % are 

m o v e d a r o u n d by the dredge. S o m e are b u r i e d as they pass u n d e r the dredge others are 

d a m a g e d w h e n they e n c o u n t e r the dredge. W i t h the concent ra t ion o f f i s h i n g on l o c a l i s e d 

d e n s e patches o f oys te rs this d is turbance m a y be repeated 15—40 t imes in a s e a s o n . In 

addi t ion a s ign i f i can t port ion o f the 2 0 % oysters caught are u n d e r s i z e d a n d are e i ther w a s h e d 

out w h e n the dredge is w a s h e d at the s u r f a c e or are sorted out on the c u l t c h i n g b e n c h e s o f the 

v e s s e l . T h e s e oys te rs undergo further stress before be ing returned to the sea f loor . S u c h stress 

on oys te rs c o u l d i n c r e a s e their suscept ib i l i t y to in fec t ion a n d c o u l d be r e a d i l y tested in 

laboratory e x p e r i m e n t s wi th d i f fe r ing l eve ls o f h a n d l i n g a n d d a m a g e a n d va l ida ted against 

s m a l l - s c a l e f i e ld e x p e r i m e n t s in the w i l d . 

Experimental design 

T h e m e t h o d s ( G r o u p 1 a n d G r o u p 2 d i s t u r b a n c e ) for p r o v i d i n g a s o u r c e o f h e a v i l y in fec ted 

mater ia l s h o u l d throw s o m e l ight on h o w important d i s t u r b a n c e f r o m f i s h i n g is l i k e l y to be in 

e leva t ing l e v e l s o f in fec t ion in oys te rs . S h o u l d the resul ts o f these e x p e r i m e n t s s h o w it to be 

important , e x p e r i m e n t s that m i m i c the d is tu rbance o f d r e d g i n g m o r e p r e c i s e l y w i l l be 

d e v e l o p e d to invest igate h o w m u c h d redg ing d i s t u r b a n c e is r e q u i r e d to p r o d u c e e leva ted 

i n c i d e n c e o f i n f e c t i o n . 

10.3 Does alteration of the seafloor habitat affect growth and recruitment of 
oysters? 

10.3.1 Studies of habitat complexity 

E x p e r i m e n t s inves t iga t ing d i rec t ly the l inkage b e t w e e n recru i tment a n d g ro wt h a n d morta l i ty 

o f the f i rst two y e a r c l a s s e s o f oysters on habitats o f d i f ferent c o m p l e x i t y h a v e f o u n d no 

ef fects on g rowth but s ign i f i can t ly h i g h e r recru i tment in c o m p l e x e n v i r o n m e n t s . I n the 

c o m i n g y e a r this invest igat ion w i l l be ex tended in an ind i rec t s tudy c o v e r i n g a m u c h w i d e r 

range o f habi tats a n d oyster dens i ty . 

T h e d i rect s tudy r e v e a l e d that habitat c o m p l e x i t y w a s r e d e v e l o p i n g at s o m e o f the s i tes 

m o d i f i e d b y f i s h i n g . T h e ind i rec t s tudy w i l l e x t e n d the observa t ions o f r e d e v e l o p i n g habitat 

and c o n f i r m that this represents a c o m m u n i t y s u c c e s s i o n . T h e s e data c a n be u t i l i sed in 

m a n a g e m e n t strategies to a v o i d , mit igate a n d r e m e d y a d v e r s e e n v i r o n m e n t a l e f fects o f 

f i s h i n g o n the e n v i r o n m e n t . T h e s e strategies w i l l h a v e a l o n g - t e r m i n f l u e n c e o n product ion o f 

oysters i f the e n v i r o n m e n t p r o v e s to be important in g r o w t h o f l a rger s i z e g roups o f oysters 

and their mor ta l i ty as w e l l as in their recru i tment . 



11. Short term management of the fishery (determination of sustainable 
yields) 

11.1 Introduction 

E s t i m a t e s o f sus ta inab le y i e l d for the F o v e a u x Stra i t dredge oys te r f i s h e r y are present ly made 

u s i n g M e t h o d 2 of A n n a l a et al. ( 2000 ) in w h i c h sustainable y i e l d ( M C Y ) is def ined, e.g. , 

MCY=0.5F0.i Bbeg 

T h e reference f i s h i n g mortal i ty F0.i w a s est imated wi th a R i c k e r ( 1 9 7 5 ) Y P R mode l (see 

M i c h a e l et al. 2 0 0 0 a for the most recent est imate) . T h e b i o m a s s es t imate u s e d in the M C Y 

c a l c u l a t i o n s has b e e n d e r i v e d f r o m densi ty est imates f r o m b i a n n u a l s u r v e y s a n d o f the ent ire 

popula t ion s i z e in areas des ignated to be ' c o m m e r c i a l ' . C o m m e r c i a l f i shers de termined 

' c o m m e r c i a l ' a reas after e x a m i n a t i o n o f char ts a n d c o n s i d e r a t i o n o f a n a l y s e s o f the 1999 

logbook data . T A C C est imates in prev ious years h a v e used the port ion o f the populat ion 

es t imated to be w i t h i n pa tches wi th dens i t ies o f greater than 4 0 0 oys te rs per s tandard tow 

(~ 1.95 oys te rs m" 2 ) . It is w i d e l y a c k n o w l e d g e d , h o w e v e r , that these est imates c a n be improved 

by the appl icat ion o f less s impl is t ic models a n d , pr ior to the Bonamia outbreak in M a r c h 2 0 0 0 , 

p l a n n e d r e s e a r c h i n c l u d e d m o d e l l i n g a l ternat ive opt ions for m a n a g i n g the f i shery . T h i s 

r e s e a r c h has been p o s t p o n e d unt i l a greater u n d e r s t a n d i n g o f Bonamia h a s b e e n d e v e l o p e d 

( S e c t i o n 2 ) . I n the in te r im , h o w e v e r , the F i s h e r i e s A c t ( 1 9 9 6 ) requ i res the M i n i s t e r o f 

F i s h e r i e s to set a T A C C for the f i shery . I n the nex t f e w y e a r s , a n d be fo re i m p a c t s o f Bonamia 

c a n be incorpora ted into the a s s e s s m e n t p r o c e s s , it is l i ke ly that T A C C s w i l l h a v e to be set o n 

the b a s i s o f M C Y a n a l y s e s as d e s c r i b e d a b o v e . B e l o w w e out l ine the data n e c e s s a r y for 

m o d e l l i n g a n d i m p r o v e d methods for s tock a s s e s s m e n t — these data s h o u l d be c o l l e c t e d n o w , 

e v e n though they w i l l not be used in the short term. K e y in format ion i n c l u d e s : 

T A C C set t ing in the shor t term; 

1. C o n t i n u e d imp lementa t ion o f a logbook to c o l l e c t a n d a n a l y s e f i n e - s c a l e c a t c h a n d 

effort data f r o m the c o m m e r c i a l f i shery in the 2 0 0 1 f i s h i n g s e a s o n . 

2 . E s t i m a t i n g the length c o m p o s i t i o n o f the c o m m e r c i a l c a t c h . 

3. E s t i m a t i n g sus ta inab le y i e l d for c o m m e r c i a l oys ter f i s h i n g in F o v e a u x Stra i t for the 

2 0 0 2 oyster s e a s o n . 

11.2 CPUE assessments 

11.2.1 Study 13 

Objective 

C o n t i n u e d i m p l e m e n t a t i o n o f a logbook to c o l l e c t a n d a n a l y s e f i n e - s c a l e c a t c h a n d effort data 

f r o m the c o m m e r c i a l f i s h e r y in the 2001 f i s h i n g s e a s o n . 

Comment 
C e n t r a l to i m p r o v e d a s s e s s m e n t and m a n a g e m e n t o f the F o v e a u x St ra i t d redge oyster f i s h e r y 

w i l l be i m p r o v e d c a t c h a n d effort s tat is t ics . C P U E data c a n p r o v i d e s o m e i n d i c a t i o n o f s tock 

status, a l though m a y be unre l iab le w h e n u s e d in i so la t ion . T h e s e stat is t ics n e e d to be gathered 

in a logbook . T h e logbook j o i n t l y d e v e l o p e d b y N I W A a n d B O M C h a s b e e n re f ined to 

prov ide i n f o r m a t i o n at the s m a l l e s t spat ia l s c a l e that is l o g i s t i c a l l y p o s s i b l e . 

Timeframe 
M a r c h 2 0 0 1 to O c t o b e r 2 0 0 1 . 



11.3 Composition of the commercial catch 

11.3.1 Study 14 

O b j e c t i v e 

D e t e r m i n e the length compos i t ion o f the c o m m e r c i a l ca tch . 

C o m m e n t 

C e n t r a l to i m p r o v e d a s s e s s m e n t a n d m a n a g e m e n t o f the F o v e a u x St ra i t d redge oyster f i shery 

w i l l be in format ion on the length c o m p o s i t i o n o f the c o m m e r c i a l c a t c h . L e n g t h c o m p o s i t i o n 

data c a n p r o v i d e s o m e i n d i c a t i o n o f s t o c k status, a l though m a y be u n r e l i a b l e w h e n u s e d in 

i so la t ion . S h e d or other f o r m s o f c a t c h s a m p l i n g are re la t ive ly e a s y a n d i n e x p e n s i v e to c o l l e c t . 

L e n g t h s t ructured in fo rmat ion f r o m c a t c h s a m p l i n g h a s p r o v e d to be c r u c i a l in a s s e s s m e n t s o f 

R o c k L o b s t e r a n d P a u a . 

T i m e f r a m e 

M a r c h to O c t o b e r in e a c h f i s h i n g year . 

11.4 TACC setting for the 2002 fishing year 

11.4.1 Study 15 

O b j e c t i v e 

T o es t imate s u s t a i n a b l e y i e l d for c o m m e r c i a l oys te r f i s h i n g in F o v e a u x St ra i t for the 2 0 0 2 

oys te r s e a s o n . 

C o m m e n t 

W e p r o p o s e that the 2 0 0 2 T A C C be b a s e d on ( i ) a n O c t o b e r 2 0 0 1 s u r v e y o f the g rounds that 

repeats o f the 1 9 9 9 s u r v e y d e s i g n ( M i c h a e l et al. 2 0 0 0 a ) a n d ( i i ) updated b o u n d a r i e s o f 

' c o m m e r c i a l ' a reas after consu l ta t ion w i th the B O M C a n d s k i p p e r s . 

T i m e f r a m e 

O c t o b e r 2 0 0 1 to M a r c h 2 0 0 2 . 

12. Improved management of the fishery (determination of sustainable yields 
in the long term) 

12.1 Improved management 

T h e F o v e a u x Stra i t oys te r f i s h e r y operates on a s e s s i l e s p e c i e s . B e c a u s e o f the re ta ined la rvae 

a n d shor t t ime b e t w e e n s p a w n i n g a n d set t lement , the s y s t e m p r o b a b l y h a s h i g h l y l o c a l i s e d 

recru i tment d y n a m i c s . W i t h the w i d e s p r e a d usage o f G P S in m o d e r n f i s h i n g opera t ions , the 

f leet is ab le to operate in s p e c i f i c areas wi th a h igh degree o f a c c u r a c y . T h e s e c h a r a c t e r i s t i c s 

a l l suggest that m a n a g e m e n t opt ions , data c o l l e c t i o n , a s s e s s m e n t a n d m o d e l l i n g s h o u l d f o c u s 

on the f i s h e r y as a c o l l e c t i o n o f s m a l l , d iscre te spat ia l a reas . R o t a t i o n a l f i s h i n g is u s e d in the 

N e w Z e a l a n d f i s h e r y for C h a l l e n g e r s c a l l o p s a n d for s o m e s e s s i l e inver tebrates o v e r s e a s 

(e .g . , g e o d u c c l a m s in B r i t i s h C o l u m b i a ( C a m p b e l l et al. 1 9 9 8 ) , a n d red s e a u r c h i n s o n the 

P a c i f i c c o a s t o f N o r t h A m e r i c a ( B o t s f o r d et al. 1 9 9 3 ) . R o t a t i o n a l f i s h i n g , o r e v e n f i s h i n g a 

m o s a i c o f s m a l l d isc re te areas independent ly as part o f a larger f i s h e r y , h a s the potent ia l to: 



• i n c r e a s e e f f i c i e n c y by r a i s i n g the m e a n ca tch rate 

• r e d u c e h a n d l i n g mortal i ty on s u b - l e g a l s i z e d oysters 

• r e d u c e the ef fects o f d is turbance on oysters on the bot tom 

• i n c r e a s e egg product ion 

A s i m u l a t i o n m o d e l w i l l be used to exp lo re m a n a g e m e n t opt ions that c o u l d be a p p l i e d to a set 

o f s m a l l s u b - s t o c k s o f oysters . T h e m o d e l w i l l be d e v e l o p e d b y - c o m b i n i n g m o d e l s o f the 

d y n a m i c s o f o y s t e r s , Bonamia s p . a n d the interact ion b e t w e e n these d y n a m i c s and the 

f ishery . 

T h e oys te r m o d e l w i l l be length -based , f o l l o w i n g the trend in lobsters (Punt & K e n n e d y 

1 9 9 7 , S ta r r et al. 2 0 0 0 ) a n d aba lone ( A n d r e w et al. 2 0 0 0 , B r e e n et al. 2 0 0 0 , C h e n et al. 

2 0 0 1 ) , a l though e x a c t methods o f de te rmin ing M S Y w i l l n e e d s o m e c o n s i d e r a t i o n ( F r a n c i s 

1 9 9 9 ) . I n theory the m o d e l c o u l d be age-s t ruc tured , but a g e i n g o f oys ters has p r o v e d to be 

u n r e l i a b l e ( M i c h a e l et al. 2 0 0 0 b ) ; there are f e w ca tch -a t -age data a n d the l e n g t h - b a s e d m o d e l 

c a n e a s i l y be u s e d to exp lo re c h a n g e s in m i n i m u m lega l s i z e . W e h a v e s o m e est imates o f the 

growth ( D u n n et al. 1 9 9 8 b ) a n d morta l i ty ( D u n n et al. 1 9 9 8 a , D u n n et al. 2 0 0 0 a ) o f oys ters 

a n d a l im i ted a m o u n t o f in format ion on recru i tment a n d the s i ze -s t ruc tu re o f both the-

popu la t ion a n d l a n d e d c a t c h . 

T h e e p i z o o t i c m o d e l w i l l be d e v e l o p e d f r o m the c l a s s i c predator -prey m o d e l s o f A n d e r s o n & 

M a y ( 1 9 9 2 ) a n d host -paras i te m o d e l s ( H o f m a n n et al. 1 9 9 2 , H o f m a n n et al. 1994 , H o f m a n n 

et al. 1 9 9 5 ) . T h e w o r k d e s c r i b e d in S e c t i o n 2 a b o v e w i l l p r o v i d e an unders tand ing o f h o w 

Bonamia s p . e p i z o o t i c s start; the l i fe h is tory o f Bonamia s p . and its re la t ionsh ip to the l i fe 

c y c l e a n d s e a s o n a l c y c l e o f oys te rs ; and the m e c h a n i s m o f s p r e a d o f Bonamia s p . ep i zoo t i c . 

T h i s in fo rmat ion w i l l be u s e d to m o d e l the i m p a c t o f Bonamia s p . on oyster d y n a m i c s . 

T h e s e two c o m p o n e n t m o d e l s w i l l be u s e d to s i m u l a t e the i m p a c t o f f i s h i n g on oyster 

popu la t ions . F o r these s i m u l a t i o n s , patterns in the b e h a v i o u r o f the f leet ( d e r i v e d f r o m the 

l o g b o o k s ) w i l l be u s e d to a s s e s s the m a n a g e m e n t i m p l i c a t i o n s o f f i s h i n g in di f ferent w a y s 

(e .g . , ro ta t ional f i s h i n g a n d f i s h i n g w i th di f ferent gear ) . 

K e y in fo rmat ion i n c l u d e s : 

In fo rmat ion n e e d s o f ep i zoo t ic m o d e l ; 

1. U n d e r s t a n d i n g h o w Bonamia s p . e p i z o o t i c s start. 

2 . U n d e r s t a n d i n g the l i fe h is tory o f Bonamia s p . a n d its re la t ionsh ip to the l i fe c y c l e a n d 

s e a s o n a l c y c l e o f oys te rs . 

3. U n d e r s t a n d i n g the m e c h a n i s m o f s p r e a d o f Bonamia s p . e p i z o o t i c ( i n c l u d i n g h o w to 

m a n a g e f i s h i n g pract ices e x a c e r b a t i n g th is ) . 

4 . K n o w l e d g e o f c h a n g e s in dist r ibut ion a n d dens i ty o f oys ters as Bonamia s p . s w e e p s 

through the oyster popula t ion . 

5. K n o w l e d g e o f h o w distr ibut ion a n d dens i ty o f oys ters c h a n g e s after Bonamia sp . 

e p i z o o t i c s c e a s e . 

6. D e v e l o p a m o d e l o f the start, s p r e a d a n d morta l i ty o f Bonamia s p . ep i zoo t ic in the 

oys te r popu la t ion . 

In fo rmat ion needs o f a length-st ructured m o d e l ; 

7 . K n o w l e d g e o f g rowth rates o f oysters a n d range a n d c a u s e s o f var ia t ion . 

8. K n o w l e d g e o f the length s p e c i f i c morta l i ty rates o f oysters a n d range a n d s o u r c e o f 

var ia t ion . 

9. K n o w l e d g e o f var iab i l i ty in recru i tment . 



10. K n o w l e d g e o f length-at -age for oys te rs . 

11. K n o w l e d g e o f length s t ructured exp lo i ta t ion . 

12. T h e length structure o f the popula t ion . 

In format ion needs o f a spat ia l ly d isaggregated m o d e l ; 

13. K n o w l e d g e o f spat ia l d is t r ibut ion o f oys te r popu la t ions in F o v e a u x Strai t . 

14. U n d e r s t a n d i n g patterns o f exp lo i ta t ion . 

15. U n d e r s t a n d i n g h o w the s e a f loor e n v i r o n m e n t ef fects oys te r popu la t ion p r o c e s s e s . 

16. E f f e c t o f present f i s h i n g strategy on spa t ia l l y d isaggrega ted popu la t ions . 

A s s e s s i n g a l ternat ive m a n a g e m e n t opt ions; 

17. D e t e r m i n a t i o n o f a l ternat ive m a n a g e m e n t opt ions . 

18. E v a l u a t i o n o f r isk . 

19. E v a l u a t i o n o f habitat m o d i f i c a t i o n a n d a s s o c i a t e d ef fects o f f i s h i n g . 

T i m e f r a m e 
M o d e l l i n g m a n a g e m e n t opt ions w i l l beg in in 2 0 0 3 . 
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