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Figure 27 . Representative view of transmission electron microscopy section of gill tissues
in Pipe Clay Lagoon 1 oysters sampled at T4 (12 March 2026). A single (A) and divided

scuticociliate (B). c: cilia of gill epithelial cells, m: mitochondria, n: nucleus, v: v acuoles.

Short dark blue arrows point to oyster mucus enveloping the scuticociliate. Scale bar: 2
Lis O ' ..c.k.m.

Figure 28 Representatrve view of transmrssron electron mrcroscopy sectron of mantle

tissues in Pipe Clay Lagoon 1 oysters sampled at TO (16 December 2025) (upper row) and
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trans port vacuoles in the apical part (A). Cells in deeper layers carry glycogen -like granules

(B) or show extensive lysosomal activity (C). Cubic epithelium at T4 undergoes limited

apoptosis (D), with numerous empty vesicles in the apical part (note the absenc e of
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Figure 31 . The box plot of drstnbutrons of RNA -seq read counts across different oyster
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Figure 32 . Venn diagram illustrating that the control oyster drgestrve gland drfferentlally
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Executive Summary

Pacific oyster farming at Pipe Clay Lagoon (PCL) has experienced a dramatic decline in
productivity since 2021. This report presents findings from a multidisciplinary
investigation conducted between December 2024 and April 2025, aimed at identifying
the ec ophysiological drivers of poor farming performance within the lagoon. The study
examined water quality, performance (growth and condition), health and microbial
communities of oysters deployed across four sites, two within PCL (PCL1, PCL2) and
two referenc e estuaries at Boomer Bay (BB) and Lower Pitt Water (PW).

The study confirmed a phenomenon of severe and sustained growth stunting in
farmed Pacific oysters at PCL, and elevated mortality at the most affected site (PCL1).
The degree of stunting documented, and its occurrence during the peak summer
growing season rather than winter, is an infrequent occurrence in a farmed Pacific
oyster population and fundamentally contradicts the expectation of temperature -
enhanced productivity in temperate farming systems. The results indicate that the
decreased productivity obse rved in PCL is most likely driven by environmental
conditions within the lagoon rather than infectious disease or food limitation.
Photosynthetic activity associated with seagrass was observed to drive strong diel
fluctuations in dissolved oxygen and coupl ed changes in pH, and these conditions are
likely imposing a chronic ecophysiological stress on oysters. The amplitude of dissolved
oxygen oscillation, rather than mean concentration, appears to be a key determinant

of productivity outcomes across sites. A cross the datasets, including growth,
biochemical composition, and gene expression, oysters in PCL persistently show
responses consistent with stress and reallocation of energy toward maintenance
rather than tissue production.

Rapid growth recovery following translocation to hatchery conditions confirms the

non -infectious and fully reversible nature of the condition, indicating that infectious
disease is an unlikely primary driver of reduced performance. This interpretation is
supported by histology and transmission electron microscopy assessment of tissue

and cellular structure, coupled with the negative results from prior testing for notifiable

oyster disease previously conducted by the Department of Natural Resources and

Ms 3 w(s t dzs [ pAyinal Health Lgbdratories.

Photosynthesis of dense seagrass meadows within the shallow, semi -enclosed lagoon,
generated extreme diel dissolved oxygen (DO) oscillations - cycling between hypoxia
minima below 4 mg L @ at night and hyperoxia peaks exceeding 24 mg L @ (>300% air
saturation) during the day at PCL1. This is chemically coupled with steep pH changes
spanning 7.8 to 9.0 within a single day. These extreme fluctuations, modulated by tidal

dynamics and temporal photosynthetic activity, stress the resident oys ters and
biochemical profiling confirmed progressive depletion of organic reserves and stress -
driven reallocation of assimilated energy from tissue synthesis and reproduction

toward cellular maintenance and survival. Transcriptomic analysis supported these

findings, with PCL1 oysters exhibiting activated immune and stress -response and
catabolic pathways, in marked contrast to the growth -oriented transcriptomic profile
observed at BB. Histopathological examination of PCL1 oyster tissues provided direct

physi cal evidence of chronic stress. Gill epithelium showed ciliature fragmentation and



haemocyte infiltration. Digestive tubules exhibited flattened epithelium, signs of
autodigestion, depleted mucus cells, and plant -derived granular material within
enterocytes. Transmission electron microscopy confirmed progressive depletion of
mitochondria  and glycogen reserves, proliferation of phagolysosomes, and increased
apoptotic cell death between early and late sampling timepoints, changes consistent

with sustained oxidative damage and deteriorating cellular energy status across the
summer growing se  ason.

Water bacteriome analysis revealed marked dysbiosis at PCL1, dominated by
Pseudoalteromonas , a genus indicative of elevated organic loading and estuarine
degradation, present at background levels only at reference sites. Oyster bacteriomes

across all sites were stable and consistently dominated by the normal core microbiome

genera Mesomycoplasma , Spirochaeta , and Alkalispirochaeta , with no significant
difference in alpha -diversity between sites.

Phytoplankton monitoring ruled out food limitation and harmful algal exposure as

contributing factors. Microalgal cell counts at PCL were greater than reference sites,

with abundant benthic diatoms, Amphora , Haslea , Nitzschia , and Licmophora |,
reflecting the epiphytic community of the seagrass beds.

Gas chromatography  Rmass spectrometry analysis of oyster flesh detected brominated
sesquiterpenes at all sampling sites, likely originating from the red macroalga
Laurencia filiformis . Concentrations were generally higher in oysters from PCL.
Although their biological role is unclear, algal -derived metabolites may be part of the
environmental stressors affecting oyster performance and could warrant further
investigation.

While these findings identify an ongoing productivity constraint, they also provide

important context for affected farmers and industry stakeholders. Site -specific
recovery at PCL2, coinciding with narrower DO oscillations during cooler months,
demonstrate s that the system retains productive capacity under ameliorated
conditions. Regular long  -term monitoring of DO, pH, and temperature, combined with

growth and biochemical assessments, will be important to identify emerging issues

and support informed farm m anagement and regulatory decision -making for the
oyster industry.

At the farm level, adaptive strategies including extended submergence, rotational
holding within lease, and seasonal stock reallocation require systematic evaluation.
Quantifying of seagrass biomass relative to water volume and hydrodynamic
exchange across affected leases will clarify relationships between macrophyte
abundance and oyster performance, while characterisation of the PCL macrophyte
assemblage will determine whether particular species contribute disproportionately
to productivity declines. These findings will inform both farm management and the
environmental management of shallow estuarine aquaculture systems epitomised by
shellfish farming.
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1. Introduction

&3 dz >|Ljin «Lj0qds ULj¢ 0U3¢[AQw3glLj,)lr Gdzdzs Lj £Lidqu ¢
3s0A¢fwrLl U36fAuw3glLjllr LggdAs {3sO0 0Quw (Qqtdzy " & Q¢
However, since 2021, the lagoon has experienced a marked and sustained decline in

oyster productivity, with production levels in 2023 falling to just 31% of the historical

average (Oysters Tasmania, 2024). This downturn has raised serious concerns among

stakeholders and prompt  ed urgent calls for a comprehensive investigation into the

underlying causes of poor oyster performance and mortality in the lagoon. Preliminary

oyster health investigations led by Oysters Tasmania (OT) and Australian Seafood

Industries, with diagnostic su pport from Department of Natural Resources and

Environment Tasmania (NRE Tas) Animal Health Laboratories (AHL), have ruled out

several notifiable pathogens, including Bonamia sp., Mikrocytos mackini , Perkinsus

sp., and OsHV -1. Histological assessments have instead suggested the observed oyster

health issues may be linked to environmental stressors such as starvation or salinity

fluctuations.

The economic implications of PCL production losses are significant, threatening the

viability of local farming operations and the broader supply chain. Yet there are still no

baseline production, culture performance and ecological data available that provi des
a clear picture of the severity of the existing situation to form the basis for further
management and potential remediation. In response, both OT and NRE Tas have
requested the Institute for Marine and Antarctic Studies (IMAS) undertake a targeted,

field -based investigation. The integrated approach taken aims to provide a more
complete understanding of the environmental and biological factors affecting oyster

health in PCL.

The primary objective of this study was to assess the performance, physiology, and
health of oysters within the lagoon through in situ monitoring and analysis. A
multifactorial ecophysiological approach was used to identify the primary drivers of
growth st agnation and elevated mortality observed in PCL. A suite of physicochemical
water quality parameters, phytoplankton community composition and biomass, air
exposure regimes, and microbial community structure were assessed concurrently by
conducting experime  ntal oyster farming at two sites within PCL and two reference
locations, Pitt Water (PW) and Boomer Bay (BB). Biological responses to these
environmental parameters, encompassing somatic and shell accretionary growth,
biochemical condition profiles, digest ive gland transcriptomics, histopathological
changes at tissue and cellular level, and the associated host and water microbiome,
were characterised across all sites to identify site -specific and combined stressor
drivers of reduced production.

2. Method s
2.1 Study sites

The IMAS research team consulted with growers on 24 November 2024 at the premises
of Tasmanian Oysters Co. in PCL to document productivity and historical performance
of Pacific oysters within the lagoon (Figure 1). Key factors incorporated into the design
of this study were: 1) observed variation in performance across the PCL; 2) the potential



association between expanding seagrass meadows and declining production; and 3)
inclusion of BB as an additional productive site with extensive seagrass meadows
alongside the historically less productive PW that lacks seagrass meadows.

Figure 1 Images from initial stakeholder engagements at Pipe Clay Lagoon on 24 November 2024
(top). Deployment of experiments (bottom).

Consequently, four experimental oyster grow -out sites were established Rtwo within

PCL (PCL1: 42.96705° S, 147.52210° E, and PCL2: 42.97647° S, 147.53168° E) representing
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each at the PW (42.81806° S, 147.56865° E ) and BB (42.85572° S, 147.87910° E) on leases

of the Tasmania Oysters Co. Pipe Clay Lagoon Site 1 was located on South Sea Oyster
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Pacific oysters held at PW were hand graded (55.04 £ 0.47 mm shell height) and
distributed among the selected experimental sites on 16 December 2024. The oysters

were further farmed for 120 d with sampling occurring at approximately 21 d intervals

except f or the final sampling, which occurred after about 14 d due to logistical
constraints. Sampling timepoints were TO (16 December 2024), T1 (08 January 2025), T2

(29 January 2025), T3 (19 February 2025), T4 (12 March 2025), T5 (2 April 2025) and T6 (15
April  2025). At each site, a blocked design was implemented, where three blocks
sequentially separated by 1 m along culture racks. Each block had three oyster culture

units holding 100 oysters, thus, a total of 300 oysters per block, 900 oysters per site.
Alloca tion of oyster to each unit was based on balancing analytical requirements with
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industry stocking constraints. The holding units in PCL1 and PCL2 were trayed baskets,
whereas 1.5 L SEAPA® baskets were deployed in PW and BB.
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Figure 2. Tasmanian oyster farming locations (yellow markers) where grow -out experiments were
conducted in Pipe Clay Lagoon (Sites 1 and 2), Pitt Water and Boomer Bay.

2.2 Culture performance
2.2.1Growth, condition, and mortality

Growth in this study was analysed by two metrics: shell accretionary growth for
length/structural development and somatic growth for overall growth in tissue mass.
Five oysters were sampled from each of the three units across the three blocks at each
site, making 45 oysters in total per site. A total of 180 oysters were terminally sampled
at each sampling event, culminating in 30% of the stocked oysters, 270 per site and
1,080 in total removed over the course of the study for growth and condition analysis.
Sampled oysters were transported live to IMAS, Taroona and measured on same day of
sampling.

Morphometric measurements, including absolute shell height (ASH), standard shell

height (SSH), shell length (SL), and shell width (SW), were recorded using a digital
calliper (Mitutoyo ABS Digimatic Calliper, 0.01 mm precision) interfaced with a PC.

Somati ¢ measurements, including whole oyster weight (WW Rtotal mass of the intact
oyster), blotted wet meat weight (WMW) and empty shell weight (Shwe Rboth shell
valves) were measured using an electronic balance (OHAUS Portable Balance STX422,

0.01 g precision ). To determine condition index (Cl), oyster meats were dried to
constant weight using an oven (CARBOLITE GERO CWF1100) at 70 °C for 48 h and dry

meat weight (DMW) (Hopkins, 1949; Lawrence and Scott, 1982) measured using an
electronic analytical balance (METTLER TOLEDO NewcClassic MF, 0.001 g precision).

Derived metrics included indicative growth potential (IGP), Cl, meat yield (MY), dry
matter (DM), moisture (MC) and liquor content (LC). These were estimated as follows:
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Experimental units were inspected at each sampling event for mortality by identifying

oysters that were gaping and did not close in response to tactile stimulation of the shell

valves. Because mortality was low, cumulative mortality was quantified at T6 an d
analysed for effect of farm site.

Statistical analyses were performed using open -source statistical programming (R

version 2024.12.0+467). Statistical differences in treatment groups (oyster farming sites)
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test, for growth and condition parameters. Mortality was analysed for the effect of site
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Poisson was confirmed by checking overdispersion, which returned 1 (indicating its

suit ability). To overcome computational oddities such as infinite confidence interval

upper bound in the model due to zero mortality record at PW, we insert 1 for one of the

units to keep its mean near but not completely zero. Additionally, statical significan ce

for ANOVA was inferred at p < 0.05 (95% confidence level), whereas that for GLM was

inferred at p < 0.10 (90% confidence level).

2.2.2 Biochemical composition

Fresh frozen ( RBO °C) oyster meats were freeze -dried ( LABCONCO FreeZone4.5) to
constant weight, crushed to homogenised powder, and subsampled for analysis of

crude protein, total lipid, gross energy, and ash, with dry matter correction as specified

in Codabaccus et al. (2020). Each of three replicate samples was obtained by pooli ng
four oysters at TO (smaller -sized oysters) and two oysters at T2, T4, T6. Crude protein
content was determined after measuring elemental nitrogen (N) composition of

freeze -dried samples using flash combustion isotope ratio mass spectrometry
(variolSOTOP E cube coupled to Isoprimel00 mass spectrometer, corrected for
3sofwAtdzs ) OQw3zod oL | wdzg3¢3QqQs fmi EPm ! gQstdzwyé3ds
crude protein. Total lipids were quantified gravimetrically by extracting freeze dried

samples with a  dichloromethane: methanol (1:2, v/v) solvent system in the presence of

0.9 (v) Milli -Q water to promote phase separation, with vortex -assisted extraction,
concentration (MD200 microconcentrator), purge -drying (nitrogen gas, 40 °C), and
gravimetric weighing of the dried lipid mass (Cequier -Sanchez et al., 2008) . Gross
energy (MJ Kg *) was measured by bomb calorimetry (Parr 6400 Automatic Isoperibol
Calorimeter, IL, USA), and ash was determined by sample combustion at 600 °C for 2 h
(CARBOLITE GERO 30 -3000°C furnace) (AOAC, 1999, 1995). Carbohydrate content was
then derived using the formula PTITT M OMNIQE O WREAWDR "DID.

Biochemical composition data [crude protein (P), total lipid (L), carbohydrate (C), and
ash (A)] were analysed within a compositional data framework with the assumption
that the four measured components represent parts of a simplex (composite) and
therefor e exhibit constant -sum constraints  (Fry and Aitchison, 1987) . Thus, isometric
log -ratio (ilr) transformation was applied, providing an orthonormal representation of
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the data in Euclidean space while preserving the relative information structure of the

simplex (Egozcue et al., 2018; Van Der Boogaart and Tolosana -Delgado, 2004) . Then, a
sequential binary partitioning was used to define three biologically interpretable ilr

balances & [(P, L, C) RA: contrasting total organic matter versus ash], o [P R(L, C):
capturing structural/enzymatic versus energy reserve allocation], and o (L RC:
distinguishing lipid from carbohydrate energy stores).

A weighted linear model was used to analyse each of these ilr balances with Site, Time,

and their interaction included as fixed effects: ® 1 1 i i - o
phcho . Pool size (four oysters at TO; two oysters at T2, T4 and T6) was accounted for as
analytic weight to reflect differences in precision among pooled samples. Type lll tests

(ANOVA) with sum  -to -zero contrasts were then used to evaluate significance of model

terms, obtaining estimated marginal means (EMMs) for every SitexTime combination

on the ilr scale and subsequently back -transforming EMMs to the simplex to yield
interpretable predicted compositions. Overall compositional differences were further

assessed using a non -parametric PERMANOVA based on Aitchison distance derived

from centred log -ratio transformed data (Anderson, 2001; Oksanen et al., 2016)

2.3 Physicochemical water quality and air exposure monitoring

Water quality [temperature (°C), dissolved oxygen DO (mg L ‘1and % saturation), pH,
salinity (PSU), turbidity (FNU), chlorophyll -a (RFU), and total algae (FRU)] was
monitored via EXO2 Multiparameter Sonde units programmed for 15 -min interval logs.
To ensure accuracy, all sensors were calibrated in a common medium b efore
deployment. After the experiment, the loggers were checked again for consistency.
Installation of sonde units was completed within a few days of commencing
experiments at all sites except for BB. Sonde installation at BB delayed until 26
February 202 5 due to sonde availability. Air exposure time was quantified as described

in Chuku et al. (2025b).

Statistical differences in physicochemical parameters between sites were analysed
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paired differences. For data from the EXO2 Multiparameter Sonde units, only data

logged while submerged water was analysed.

2.4 Phytoplankton monitoring

On every sampling event a bottle sample and a net tow were collected at each site. The

bottle sample was collected by inverting an open 1 -L bottle, placing at 30 cm under the

surface and re -inverting to allow filling. Net tows were collected by towing the algal

net through the water for approximately 20 m, either in the boat or on foot, taking care

to avoid the sediment. Where seagrass was present the net tow was positioned to pass
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the colour of lighttea (5 -10 drops for the 1 L sample,1 -3 drops for the net tow). Samples

were transported back to the laboratory and stored under dark conditions until

analysis.

The bottle samples were concentrated by pouring 250 ml into a measuring cylinder
and leaving to settle for a minimum of four days. The top 225 ml were aspirated off and
the final volume measured to calculate the concentration factor, which was ~10. Net



tows and concentrated algal samples from sites and dates of interest (selected by
examination of the growth results) were then examined using a microscope at 400x
magnification.

In addition, the results of the regular phytoplankton monitoring for each bay by the
Shellfish Market Access Program were reviewed. This program uses the same
methodology to collect bottle samples in each bay, with phytoplankton analysis
conducted by Analy tical Services Tasmania following gravitational concentration (~
x10).

2.5 Seagrass, macroalgal and sludge -like rack assessments
2.5.1Seagrass

A GoPro camera was used to capture video of the floral characteristics of the seabed at
all four study sites. Videos were captured at TO and T6. The videos were visually
assessed for qualitative changes between commencement and termination of the
experimen t.

2.5.2 Additional red alga studies

A PCL grower engaged UTAS Pharmacy and Pharmacology to undertake a study on a
red alga species observed in the lagoon among the seagrass meadows. This was
followed by a NRE Tas Rcommissioned investigation in July 2025 at the request of OT.
The investigation utilised IMAS -held oyster samples collected following completion of
the field sampling period and was completed by UTAS Pharmacy and Pharmacology.
The study is presented in full in Appendix A and is considered in the broader context

of this study in the D  iscussion.

2.5.3 Request for additional investigation of sludge -like rack deposits

Sludge -like material was reported in February 2025 via public/citizen observations on
the shore in the vicinity of PCL2 (including social media posts). Following a request to
IMAS by the Tasmanian Chief Veterinary Officer (20 February 2025), samples were
collected by project personnel for assessment of potential toxic algal or cyanobacterial
content. Visual and laboratory ~ -based identification methods were applied, with results
presented in Appendix B.

2.6 Bacteriome
2.6.1Sampling and sample preparation

At each sampling event, three sets of four oysters were removed from each site and
placed into labelled ziplock bags. Additionally, at each location a water sample was
taken from 30 cm below the surface using a sterile 1 -L polypropylene bottle. All samples
were frozen at  -25 °C before analysis.

Two oysters from each sample were thawed overnight at 4 °C, shucked and the whole
meat was added to 50 mL PBS in a sterile stomacher bag before homogenising for 20

s. A 10 mL aliquot of the homogenate was transferred to a sterile 15 -mL centrifuge tube
and centrifuged at 500 x g for 5 min. Duplicate 2 mL volumes of the supernatant were
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transferred to 2 -mL microcentrifuge tubes and pelleted at 10,000 x g for 10 min. The
supernatant was discarded, and the pellet resuspended in 500 pL High -salt lysis buffer
(1% SDS, 1.5M NaCl, 0.1M EDTA, 1% PVPL10) with 5 pL Proteinase K and vortexed for 2 min
before digestion for 1 hat55 °C.

Water samples were filtered using 0.45 um mixed cellulose ester membrane filters (47

mm diameter; Millipore Australia) using a Nalgene vacuum filtration apparatus. The

filters were subsequently rolled and transferred to a 15 -mL centrifuge tube for cell lys is.
To each tube 2 mL of High  -salt lysis buffer (HSLB) and 5 pL Proteinase K were added.

The samples were vortexed for 2 min, before enzymatic digestion for 1 h at 55 °C
Duplicate 500 puL samples of lysate were then transferred to 1.5 -mL microcentrifuge
tubes for DNA extraction.

2.6.2 DNA extraction and sequencing

DNA from both oyster and water samples was extracted by precipitation with
ammonium acetate and isopropanol with the addition of GlycoBlue coprecipitant
(Invitrogen, USA) to visualise the DNA pellet. RNA was removed from samples by
treatment with RNaseA (N ew England Biolabs, USA) followed by a second precipitation
with ammonium acetate and isopropanol. The cleaned DNA pellet was resuspended

in 50 uL of Elution buffer solution ( 10 mM Tris -Cl, pH 8) and quantified using a Qubit 4
fluorometer (Invitrogen, USA) to measure yield. All samples were stored until analysis

at -25 °C.

Extracted DNA from oyster and water samples were sequenced using an Oxford
nanopore MinlON. Before sequencing, all samples were metabarcoded using
Polymerase Chain Reaction (PCR) with full length 16S rRNA primers 27F
(AGAGTTTGATCCTGGCTCAG) and 1492R (CTACGGCTACCTTGTTACGA). Amplification
was conducted using a C1000 Thermal Cycler (Bio -Rad Laboratories Inc., USA) with a
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cycling conditions were an initial denaturation step of 95 °C for 3 min followed by 35

cycles of 95 °C for 15 s, 55 °C for 25 s, 72 °C for 25 s and a final extension step at 72 °C for

3 min.

After amplification, sample DNA was purified using AMPure XP beads (Beckman
Coulter, USA) with a wash ratio of 1:1.8 and then quantified using a Qubit 4 fluorometer.

The Native Barcoding Kit 96 V14 (SQK  -NBD114.96) was used to prepare all samples for
sequen cing using the manufacturers protocol (Oxford_Nanopore_Technologies 2025)
After library preparation was completed, samples were sequenced using a MinlON

Mk1C with an R10.4.1 flow cell.

2.6.3 Bioinformatics

After sequencing, data was basecalled and demultiplexed using Dorado v9.1 software.
Sequences were then filtered for Q score and minimum length and taxonomically

identified using EMU bioinformatics software with a threshold cutoff of 0.001 (Curry et
al.,, 2022). Species abundance from each sample of water and oyster was visualised
using Krona plots and then analysed with MicrobiomeAnalyst 2.0 (Lu et al., 2023).

Microbial communities identified in water and oysters at each site were compared
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using Shannon diversity indices. Differences in site -specific diversity were analysed
with Kruskal -Wallis tests followed by Wilcoxon post -hoc analysis, while differences in
diversity across sites were studied using Principal Co -ordinate analysis and
PERMAN OVA. All statistical tests were considered significant at p < 0.05 (95%
confidence level).

2.7 Histopathology
2.7.1Sampling and sample preparation

During each sampling event, five specimens were collected per site, transported in

separate plastic bags and processed within 24 h in the IMAS molecular laboratory, with

cool room storage maintained until processing. Before dissection, the oysters were

mea sured with a caliper from the umbo to the longest end, the coverage of biofouling

on shell was semi -quantitatively evaluated [+ (~0-30%), ++ (~31-60 %), +++(61-100%)] and
the damage of the outer and inner shell was assessed (shell closing/ gaping, mud

worms/ blisters). In situ appearance of the soft tissues (mantle retraction after probing

+, ++, +++; any visible lesions; discoloration; condition +, ++, +++; copepods, mud/
substrate, fouling organisms, smell) was evaluated upon opening the oyster, and a
longitudinal section (1 cm thick) through the organs was made to obtain
representative tissues for histopathology. The sample was then fixed in Davidson's

fixative, stored at IMAS, Taroona, and dispatched to AHL, Launceston, in early May. AHL
dehydrated fixed samples, paraffin -em bedded, sectionedat3 - ¢ tL LjsQ ¢ [ Lj3s dzQ t
haematoxylin -eosin (H&E). Stained sections mounted on the slides were sent back to

IMAS for interpretation.

2.8 Haemolymph analyses
2.8.1Sampling and sample preparation

The haemolymph of five oysters sampled for histopathology was drawn from the
pericardial cavity using a 27 G x 1/2" needle and a 1 ml tuberculin syringe, placed on ice,
and stored for further metagenomic analyses at -20 °C. Further, the haemolymph of an
additional five oysters was sampled as described above and used to prepare
haemolymph smears, which were stained by Rapid Diff for observation under the light
microscope.

2.8.2 DNA extraction and sequencing

The procedure followed the steps described in Section 2.6.2; however, due to the low
amount of bacterial DNA compared to host mitochondrial DNA, first the 16S barcoding

kit SQK -16S024 and then the Native Barcoding Kit 96 V14 was tested on a small number

of samples (h=6, TO at PCL1 and T4 at PCL1) to achieve 1.5 kbp of the 16S ribosomal DNA
gene and the whole  -genome amplification, respectively.

2.8.3 Perkinsus marinus

Perkinsus marinus  causes dermo disease in oysters. Three oysters were sampled

separately form the experimental stock at TO RT2 and prepared for  Perkinsus detection.
Tissue samples measuring approximately 5 RLO mm were excised and placed in 50 -mL
Falcon tubes containing 95 mL of 0.2 mm -filtered thioglycollate medium
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(thioglycollate medium containing dextrose 14.6 g; NaCl, 10.0 g; sterile distilled water

(dH 20), 485 mL). Samples were incubated at room temperature in the dark for seven

days, after which, fragments of tissues were collected and macerated with a scalpel
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coversl ip was mounted, and the slides were allowed to sit for 10 min. Samples were

observed under a light microscope to assess the presence of 20 -t f ct ¢| Udzw3 g Lj]
Perkinsus cells. Due to a lack of gross signs of the disease in the oysters, as well as a

lack of the protozoan cells in the haemolymph smears, the analyses were discontinued

after T2.

2.9 Transmission Electron Microscopy

To assess the potential presence of pathogens, particularly oyster viruses (OsHV -1)in
oyster tissues, samples (1 -2 mm 3) of mantle, gills, and digestive gland were collected at

TO (two specimens) and T4 (one specimen) from the PCL1 site and fixed in 3%
glutaraldehyde. After 4 h of fixation, samples were washed 3x in Na cacodylate buffer,

then washed 3x in acetone for 15 mi n, subsequently infiltrated in 25, 50, and 75% low
viscosity Spurr resin in anhydrous acetone for 1 h each and incubated overnight in 100%

resin. After the polymerisation at 60 °C for 48 h in the embedding moulds, semi -thin
sections (0.5 mm) were cut from the blocks, stained with toluidine blue (1%) and
checked for orientation under a light microscope. Ultrathin sections (0.07 mm) were

cut from the areas of interest, mounted on Formvar -coated single -slot grids, and
contrasted in ethanolic uranyl acetate (30 min) and then in lead citrate (20 min). The
Hitachi HT7700 microscope operating at an accelerating voltage of 120 kV, with an
integrated CCD camera was used to analyse the ultrathin sections. The images were
assembled and annotated in Inkscape 1.0 softwar e.

2.10 RNA sequencing

The same oysters used for histopathology and haemolymph whole -genome
sequencing were used to collect samples from the mantle, gills, digestive gland, and

stomach for gene expression and RNA sequencing (RNA -Seq). Small samples of tissues
were dissected in a septic conditions and incubated overnight in RNAlater solution at

4 °C. The next day, samples were stored at -20 °C awaiting RNA extraction.

2.10.1Library preparation for transcriptome sequencing
Strand -specific library

Messenger RNA was purified from total RNA using poly -T oligo -attached magnetic
beads. After fragmentation, the first strand cDNA was synthesised using random
hexamer primers. Then the second strand cDNA was synthesised using dUTP. The
directional library w  as ready after end repair, A -tailing, adapter ligation, size selection,
Uracil -Specific Excision Reagent (USER) enzyme digestion, amplification, and
purification. The library was assessed using Qubit and real -time PCR for quantification,
and a bioanalyzer for size distribution analysis.

Clustering and sequencing
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After library quality control, different libraries were pooled based on the effective
concentration and targeted data amount, then subjected to Illlumina NovaSeq X Plus
(PE150) sequencing, using XLEAP  -SBS chemistry.

2.10.2 Bioinformatics analysis pipeline
Data quality control

Raw reads in fastq format were first processed using fastp. In this step, clean reads

were obtained by removing reads containing adapters, poly -N, and low -quality reads
from the raw data. At the same time, the Q20, Q30, and GC contents of the clean data
we re calculated. All downstream analyses were based on high -quality clean data.

Reads mapping to the reference genome

Reference genome ( Magallana gigas , GCF_963853765.1) and gene model annotation
files were downloaded from the genome website. HISAT2 (2.2.1) was used to build the

index of the reference genome, and HISAT2 was used to align paired -end clean reads
to the reference genome. HISAT2 can use the gene model annotation file to generate
splice -aware alignments, yielding higher alignment accuracy than other non -splice -
aware alignment tools.

Novel transcripts prediction

The mapped reads of each sample were assembled by StringTie (v2.2.3) in a reference -
based approach. StringTie uses a novel network flow algorithm as well as an optional

de novo assembly step to assemble and quantify full -length transcripts representing

mul tiple splice variants for each gene locus.

Quantification of gene expression level

FeatureCounts (2.0.6) was used to count the number of reads mapped to each gene.

The Fragments Per Kilobase of transcript sequence per Millions (FPKM) for each gene

was then calculated based on the gene length and the read count mapped to it. FPKM,

the exp ected number of FPKM base pairs sequenced, considers the effect of
sequencing depth and gene length for the reads count at the same time.

Differential expression analysis

Differential expression analysis for two conditions/groups was performed using the
DESeqg2 R package (1.42.0). DESeg2 provides statistical programs for determining
differential expression in digital gene expression data using models based on the
negative bi nomial distribution. The resulting P -value is adjusted using Benjamini and
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differential expression: padj <= 0.05 and |log2(foldchange)| >= 1.

GO and KEGG enrichment analysis of differentially expressed genes

Gene Ontology (GO) enrichment analysis of differentially expressed genes in KEGG
pathways (http://www.genome.jp/kegg/) was performed using clusterProfiler (4.8.1),
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with gene length bias correction. GO terms with a corrected P -value less than 0.05
were considered significantly enriched by differentially expressed genes.

Gene set enrichment analysis

Gene Set Enrichment Analysis (GSEA) is a computational approach for determining
whether a predefined Gene Set shows a significant, consistent difference between two
biological states. The genes were ranked according to the degree of differential
expression in the two samples, and then the predefined Gene Set were tested to see if
they were enriched at the top or bottom of the list. Gene Set enrichment analysis can
include subtle expression changes. The local version of the GSEA analysis tool
http://www.broa dinstitute.org/gseal/index.jsp was used, while the GO and KEGG
datasets were used for GSEA independently.

Protein uProtein Interaction analysis of differentially expressed genes

Protein RProtein Interaction  (PPI) analysis of differentially expressed genes was based
on the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) database,
which contains known and predicted protein -protein interactions. The network was
constructed by extracting the target gene list from the database and using Double
Index Alignment of Next  -generation sequencing Data (DIAMOND) to align the target
gene sequences with selected reference protein sequences, and then establishing the
network based on the known interactions of the selected reference species.

Alternative Splicing  analysis

Alternative Splicing (AS) is an important mechanism for regulating gene expression

and protein variability. The rMATS (4.3.0) software was used to analyse ASevents, which

mainly include five types of variable splicing events: SE (skipped exon), Rl (retaine d
intron), MXE (mutually exclusive exons), A5SS (5' alternative splice site), and A3SS (3'
alternative splice site).

Single Nucleotide Polymorphism analysis

The GATK (v4.1.1.0) software was used to perform Single Nucleotide Polymorphism
(SNP) calling.

2.11Co-habitation and conditioning in vivo trial

This experiment was undertaken following preliminary observations of remarkable

growth disparities between the sites. It became necessary to test whether the

observed condition in PCL oysters was transmissible (infectious) to healthy oysters, i.e.,

TgQquULIGB3 Qs daf | dzy3tdzs [t L LisQ §UdzfUdzy &>« Qr¢fdzwo gq
growthvia ex-situ ¢ A | | | dzt dzs [ Lj, 0 dzdzQ3 s OL 3 mdzmL TO drmduip® s O dz¥ | c
[ w3LjL ¢ ¢ dzwdz dzo [ LjGL 3¢ UdzO 6f 3O0Awdz YPm p3WdzQ qné [ dzwo
Lis O LjisqQf{ Udzw OwqgA| odwqt == 6TU0dzLj, {UR Qqm ¢ fdzwdt P { dzw
IMAS, tagged, and randomly distributed into tanks in triplicate. The cohabitation

experiment included 20 oysters each from PCL and BB, whereas the feeding

experiment included 20 oysters from only PCL, in each replicate tank. A consistent

supply of clean seawater was ensured via flow -through. Oysters were fed twice per day

(09:00 and 17: 00) by adding 3 L of algal solution (mainly Chaetoceros calcitrans  ; 20,000
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cells mL Y into the tanks. Temperature (18.0 R18.5 °C), dissolved oxygen saturation (100
R110%), salinity (34.5 ppt) and pH (8.0 R8.3) were monitored frequently to ensure levels
remained within range. Seawater flow -through was paused during feeding and
resumed 0 nce the water became clear, and tanks were cleaned daily to remove faeces.
Oysters were sampled after 4 and 5 weeks in the experiment, and samples were
collected to assess growth, histopathology, gPCR/RNA -Seq, and haemolymph
metagenomics.

OYSTERS' TANK TRIAL

LAB CONDITIONS: standard feeding, temp., water change, for 4 weeks, end-point sampling

TECH REPLICATE 1 TECH REPLICATE 2 TECH REPLICATE 3

TEST 1:
cohabitation
sick & —>
healthy

TEST 2;

ad libitum
feeding —»
of sick

Legend: ’ healthy oysters Boomer Bay (n=20/ tank) K; sick oysters Pipeclay Lagoon (site 2) (n=20/ tank)
TOTAL=60 TOTAL=120

Figure 3. Experimental design of cohabitation (upper row) and conditioning trial (lower row) of
oysters collected at T4 from Pipe Clay Lagoon (sick) and Boomer Bay (healthy), conducted at the IMAS
biosecure oyster facility from 13 March 2025 to 16 April 2025

3. Results
3.1 Growth, condition, and mortality

Growth performance patterns were distinct at the experimental sites (Figure 4). In PCL,

a stagnation of shell accretionary growth was observed. There was no significant
difference in absolute shell height (  ASH) between successive sampling timepoints (p <
0.05). Specific somatic growth metrics such as whole oyster and shell weight also

showed substantial stagnation, whereas wet meat weight (WMW) and dry meat

weight (DMW ) consistently declined. Contrary to this growth performance at PCL, the
reference sites at PW and BB generally showed incremental growth throughout the
experiment, with oysters held in BB showing superior performance in both shell
accretionary and somatic growth. Growth at PW was positive but relatively moderate
with minimal successive increments in dry meat weight.
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Figure 4. Shell accretionary growth and oyster somatic growth performances + S.E. at four oyster

farming sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB = Boomer Bay)
assessed over the summer  -winter transition period of 2024/2025 growing seas on in Tasmania (TO =
16 December 2024; T6 = 14 April 2025). Sampling interval was 21 d except for T6 = 14 d

The observed growth suppression in PCL showed a spatially variable pattern. Although
growth at both sites in PCL was suppressed, PCL2 underwent a reversal of this pattern

in the final five weeks of the experiment (T5 and T6). During this period, there was an
acceleration of shell growth observed at PCL2, with oysters reaching 65.53 £ 0.92 mm

in absolute shell height at final sampling, from 58.39 + 0.76 mm at T4. This reversal in
growth performance at PCL2 was more prominent in the DMM, reaching weights that
surpassed the PW reference site in the final five weeks of the experiment, indicating
exceptional take -off in meat yield and condition in this period.

Growth potential at each site appeared to be reflected in the indicative growth
potential ( IGP) estimates. In Figure 4, this is shown as the difference between absolute

LisQ ¢ LisQLwWO ¢0dz L, U0dBOU[L wdz wdzpdzs {dzQ GR [Udz K| [ dz
bar, corresponding to the marginal shell or frill. Sites with higher growth rates
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produced oysters with more pronounced marginal shell development. Expressing the
linearly transformed [In(x+1)] ratio of marginal shell -to-standard shell height as a
percentage, a clearer picture of growth potential emerges (Figure 5).

PCL1 PCL2 PW BB
20-

15-

1026_

10- _ _ 887 _ -
5- - SR

I e .II I II
o .'l- II I

TO Tt T2 T3 T4 T5 T6 T0O T1 T2 T3 T4 75 T6 T0 T1 T2 T3 T4 75 76 T0 T1 T2 T3 T4 T5 T6
Sampling timepoint

Indicative Growth Potential (IGP; %)

Figure 5. Indicative growth potential (IGP; mean + S.E.) by marginal shell analysis in oysters grown at

four experimental sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB = Boomer

Bay) over the summer  -winter transition period of 2024/2025 grow ing season (TO = 16 December 2024;
T6 = 14 April 2025). Sampling interval was 21 d except for T6 = 14 d. Dark red dashed line and value
represent overall mean growth potential for the experimental period.

Indicative growth potential of oysters farmed in PCL either progressively declined
below or was somewhat maintained around 5 % (at PCL1 and PCL2, respectively)
throughout the study period. In the initial nine weeks post deployment, PW and BB
oysters showed IGP of approximately 14 % or more. At T4, PCL2 showed a slight increase
in IGP (Figure 5). Generally, IGP of approximately 4 % or higher related to measurable
growth (PCL2, PW, BB), whereas IGP values of 3 % and below related to reduced or
stunted growth ~ (PCL1). Endpoint IGP in PCL2 was comparable to the two reference
sites, whilst IGP at PCL1 remained substantially lower.

Condition index (Cl) and meat yield (MY) indices in the oysters provided further
indication of loss of productivity from start to finish at PCL1 (Figure 6). Again, PCL2

showed a loss up until nine weeks (T3) and either a reversal to previous levels or a ga in
from week twelve (T4) onward. In contrast, PW and BB appeared to maintain soft tissue

mass (Cl and MY). Dry matter (DM), moister content (MC), and proportion of liquor

content (LC) in the oyster remained stable in oysters across the sites.
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Figure 6. Condition index, meat yield, dry matter, moisture and liquor content in oysters farmed at

four different oyster farming sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB =
Boomer Bay) over the summer -winter transition period of 2024/2 025 growing season (TO = 16
December 2024; T6 = 14 April 2025). Sampling interval was 21 d except for T6 = 14 d.

There was a significant effect of site on mortality recorded in this study. The estimated

mortality per culture unit was highest for PCL1, and the least at PW where no mortality

was recorded (Table 1). Mortality at PCL1 was significantly higher than all si tes, whereas
Site 2 was comparable with BB (Table 2).

Table 1 Statistical summary of mortality rates at the four experimental sites.

Site Estimated Mortality Rate (%) SE 95% CI (Lower RUpper)
PCL1 3.000 0.577 2.0573 R4.375
PCL2 1.222 0.369 0.6769 R2.207
PW 0.111 0.111 0.0157 R0.789
BB 0.556 0.248 0.2312R1.335
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Table 2. Pairwise comparison of mortality rate between the oyster farming sites.

Comparison Rate Ratio z.ratio p.value sig.*
BB/ PW 5.0000 1.469 0.4562 ns
BB /PCL1 0.1852 -3.464 0.0030 sig
BB /PCL2 0.4545 -1.462 0.4608 ns
PW/PCL1 0.0370 -3.236 0.0066 sig
PW /PCL2 0.0909 -2.296 0.0990 sig
PCL1/PCL2 2.4545 2.510 0.0583 sig

* Statistical significance inferred at 90% confidence level (sig = significant; ns = not significant).
3.2 Biochemical composition

A consistent temporal reallocation of biochemical components was apparent (Figure

7). Overall, protein with the largest proportion declined from ~0.61 at TO to ~0.50 by T6,
while carbohydrate (assuming mostly glycogen; essential for conditioning, survival,

and reproduction) increased from ~0.15 to ~0.22. Lipid peaked at T2 (~0.12) before
stabilising near ~0.10. Ash increased mid -experiment (mean ~0.21 at T4) and decreased
by T6 (~0.18), producing a trough in organic matter (P+L+C) at T4 (~0.79) with partial
recovery at T6 (~0.82).

Site -level trajectories diverged for @ (organic vs ash), where BB and PCL2 showed

Qdzg) 3s3s0O LjoU GR pr OS6ATmfei P LisQ 3sguwdzdjpdzd quOlLjs3
exhibited the opposite (increasing ash +0.051 and +0.054, respectively). Results from

the ilr -based ANOVA statistics [Site effect ~ (©0:F32=30.28,p=1.8x10s P Ljs QO Lj 63 [dz & [
interaction ( @;Fo 3 =7.46,p=8.76 x 10dh P O g s d 3-specifictrajécBijespver the

experiment. Furthermore, omnibus PERMANOVA in Aitchison geometry confirmed

that Site x Time explains most of the multivariate compositional variation (R2=0.777, F

= 7.43, p = 0.001, 999 permutations). The protein -to-energy -reserve balance ( @) was

predominantly seasonal (Time: F33=24.37,p=213x1@h PL ¢ U308 3sO [ qf Ljw® dzs d
across all sites, though significant Site ( Fs 3= 6.08, p = 0.002) and Site x Time ( Fgq 3, =2.33,

p = 0.038) effects indicate some among -site variation in the timing of this shift. The
lipid -carbohydrate balance ( ®) showed a shared lipid -accentuated phase at T2
followed by carbohydrate dominance at T6, driven by a strong time effect ( Fs 32=27.00,

pP=6.77x10a Pm ! tsi@glifferencesinlipid -carbohydrate were not detected (Site: p
= 0.430; Site x Time: p = 0.342), indicating a largely synchronous seasonal lipid -
carbohydrate pattern across sites.
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Figure 7. Biochemical composition (back -transformed estimated marginal means) trajectories

Sampling timepoint
across the oyster farming sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB =
Boomer Bay) over the duration of the experiment (TO = 16 December 2024; T6 = 14 April 2025).
Sampling interval was 21 d except for T6 = 14 d. Each n comprised pooled samples of four juvenile
oysters at TO, and two oysters at T2, T4, T6. TO is represented by a common sample analysis

100+

754

501

Composition (% dry matter)

25+

0-

3.3 Physicochemical water quality

Water temperature exhibited an expected seasonal trajectory across all four sites
(December 2024 R April 2025), transitioning from a warmer phase peaking at
approximately 24 R26 °C to a cooler phase of 14 R16 °C by mid -April (Figure 8a). Although
trends were broadly synchronous across sites, reflecting regional atmospheric forcing,

PW consistently recorded the highest temperatures throughout the study, whilst BB

and the two PCL sites tracked closely together at marginally lower values. The seasonal
transition was characterised by a gradual but punctuated decline from late February
onward, with episodic temperature drops superimposed on the broader cooling trend.

Dissolved oxygen (DO) exhibited distinct site -specific patterns, with decreasing diel
amplitude from PCL1 to PCL2/BB to PW, consistent with the observed gradient in
oyster growth (Figures 8b  -d, Figure 9a -b). While overall mean DO concentrations were
broadl y comparable across sites, within -site diel variability was notably divergent. PCL1
showed the greatest diel variability in DO, with daytime hyperoxic peaks of 20 R26 mg
Ld (250 R300% saturation) and nightly minima frequently falling below the hypoxic
threshold of 4 mg L o (~30% saturation; Figure 9a  -b). These variations were persistent
across both the warmer and cooler seasons, with peak changes increasing into the
cooler season. PCL2 and BB showed similar, moderate diel DO fluctuations that were

less pronounced than PCL1 , with BB occasionally reaching ~200% saturation in the
cooler season. PW presented the most stable DO profile throughout the experiment,

with values remaining near normoxia and minimal hyperoxic excursions.
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Figure 8. Periodic, lunar and diurnal dynamics of dissolved oxygen fluctuations alongside
temperature and pH. Shows temporal trends in (a -b) temperature (°C) and dissolved oxygen (DO; mg
LY, respectively, over the entire study period, (c) DO over a 28 -day period approximating lunar
(synodic; spring and neap) tidal relatedness, (d) DO overa 7 -d period depicting diel (day, night) trends,
and (e) pH at the experimental sites (PCL1, PCL2 = Pip e Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB
= Boomer Bay). The sonde at BB was deployed at the end of February 2025 due to logistical
constraints.
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Figure 9. Trends in physicochemical water parameters monitored at the study sites (PCL1, PCL2 =
Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB = Boomer Bay) over the study period. The sonde
at BB was deployed at the end of February 2025 due to logistical constr aints

Seawater pH dynamics closely mirrored the DO oscillations across sites reflecting the

9QAl L 3s0 Gdzf fdzdzs | 0QfQors fUdzf3g >Ab OQuLifQQqfs LjsQ
(Figure 8e). PCL1 exhibited the widest diel pH changes, with values oscillating between

appr oximately 7.8 and 8.8 F9.0 daily. PCL2 had a similar pattern but with slightly higher

mean pH. PW and BB maintained relatively stable pH near to oceanic baseline levels

of approximately 8.0 8.2, with reduced diel variability. The progressive alkalinisation of

PCL sites from March onwards, coincided with the most extreme DO peaks.

Salinity regimes differed across sites (Figure 9¢). PCL1 and PCL2 had the highest
salinities, tracking closely together at approximately 34 R37 psu (mean = 36.25 + 0.06,
34.45 + 0.09 psu, respectively). Boomer Bay maintained stable salinity around 35.73 +

0.03 psu and exhibited the least temporal variability of all sites. Pitt Water recorded the

lowest and most variable salinity regime (32.11 + 0.13 psu), characterised by frequent
downward excursions likely reflecting episodic freshwater inputs.

Turbidity, chlorophyll fluorescence, and total algae (Figure 9d -f) exhibited strong
temporal variability throughout the monitoring period. Turbidity showed frequent

short -lived spikes, with the highest and most intense events occurring during late
February to March, particularly in PCL2 and BB treatments, which also maintained
slightly elevated baseline conditions relative to PCL1 and PW. Chlorophyll fluorescence
remained generally low but increased gradually over time, with occasional sharp peaks
correspon ding to elevated turbidity events. Total algae concentrations displayed
episodic pulses that often coincided with chlorophyll increases, suggesting transient
phytoplankton blooms. PCL2 and BB consistently recorded greater variability and
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higher peak values than PCL1 and PW, while overall baseline conditions remained
comparatively stable throughout the study period.

3.4 Aerial exposure

Temperature loggers deployed within oyster baskets recorded distinct thermal
signatures corresponding to periods of air exposure and submergence, enabling
extrapolation of mean daily air exposure durations across all four farming sites (Figure

10). Mean da ily air exposure was ranked: BB (3.2 £ 0.3 hday @) >PCL1(2.5+0.2 h day @)
> PW (1.8 £ 0.2 h day @8 > PCL2 (1.6 £ 0.2 h day th). These represent an average daily
emersion of 13%, 10%, 8%, 7%, respectively. While emersion across sites was not
excessive, and the observed ranking did not reflect the overall order of oyster growth
performance (actual: BB>PCL2>PW>PCL1; expected based on aerial exposure:
PCL2>PW>PCL1>BB), oyster growth within PCL was aligned, with greater emersion
corresponding with suppressed growth at PCL1 compared to PCL2. Longer air
exposure is expected to produce reduced growth performance (Chuku et al., 2025a).
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Figure 10. Daily air exposure of oysters at the experimental sites (PCL1, PCL2 = Pipe Clay Lagoon Sites
1 and 2; PW = Pitt Water; BB = Boomer Bay), estimated from 5 -min interval temperature differences
between the inside of oyster baskets and the surrounding seawater

3.5 Phytoplankton diversity and abundance

The microalgal communities of the shellfish growing areas of PCL, PW and BB consist
of two major components: coastal plankton entering those bays with ingoing tides (e.g.

diatom blooms of Cerataulina, Chaetoceros, Proboscia, Pseudo -nitzschia,
Rhizosolenia and the dinoflagellates  Noctiluca, Protoperidinium, Tripos fusus, T. furca,
T. muelleri ), but also resuspended benthic and epiphytic diatoms such as Amphora,
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Cocconeis, Gyrosigma/Pleurosigma, Haslea, Licmophora, Nitzschia, Striatella , and
Surirella , associated with seagrass and seaweed communities.

The qualitative net samples (20 m tow with a 20 pum mesh net) provided a more

detailed picture of the microalgal biodiversity in these lagoonal systems than the

generally low cell density in 1 L surface -water bottle samples (Figures 11 and 12).
However, not all benthic microalgae are readily available for oyster feeding at all times ,
this being strongly dependent upon suspension by tidal and wind driven currents.

Similarly, the water bottle samples collected at a single snapshot of time may
underestimate food availability during a full tidal cycle and a broader range of bottom

suspen sion scenarios. Dense concentrations of the benthic diatoms Amphora, Haslea,
Nitzschia, and Licmophora were much more common in net tows from PCL than in
BB and PW, notably in February, March, and April 2025.

PCL1 net tows (in the centre of the lagoon) often showed greater benthic diatoms
abundance than PCL2 (Figure 11), reflecting the denser seagrass beds at PCL1, which

on some occasions showed more small dinoflagellates such as Bysmatrum on 19
February and Sperodinium , and cyanobacterial filaments of Phormidium on 29
January (Figure 12).

Based on an examination of the 28 phytoplankton net tows over the study period (4

sites, 7 timepoints), the water cell counts conducted by Analytical Services Tasmania

(AST) were partitioned into the following categories: plankton diatoms ( Cerataulina,
Chaetoceros, Proboscia, Pseudo -nitzschia, Rhizosolenia etc); benthic diatoms
(Amphora, Gyrosigma, Haslea, Licmophora, Nitzschia, Striatella, Surirella etc.); and
small dinoflagellates (mostly Amphidinium, Bysmatrum, Sperodinium and
Scrippsiella ). The quantitative water bottle cell counts by AST conclusively confirmed

the availability of considerably more microalgal counts in PCL than PW or BB (Figure

12).
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Figure 11 Qualitative net tows from the experimental sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and
2; PW = Pitt Water; BB = Boomer Bay), reported as relative abundance.

Cells/L water samples

350000

250000

200000

150000

100000

]

m benthic diatoms

SRR S
& &

PipeClay Lagoon

m plankton diatoms

Q‘

A7

small dinoflagellates = euglenoid cryptomonads

A

o] * o & L] ] & & )
& 2 <@ - W«
IS P o & 5 & AT g5
Pitt Water Boomer Bay

Figure 12 Abundance of major phytoplankton groups at Pipe Clay Lagoon (site 1), Pittwater and
Blackman Bay during sampling. N marks significant Noctiluca red tide dinoflagellate abundance.
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3.6 Potentially harmful microalgae

Dense plankton slicks of the ammonia -producing red tide dinoflagellate
Noctiluca 06 |, LjGdz, LindziQureri2)iwere observed at PCL and BB in early January 2025
but arrived in PW only in late January and persisted longer at the latter site through
March and April 2025.

Small flagellates (15 -30 um size) are very difficult to discriminate in routine cell counts

when darkly Lugol stained. These species included the dinoflagellates Amphidinium,
Sperodinium (Katodinium), Bysmatrum and Scrippsiella , the ciliate Mesodinium
cryptomonad and Pyraminonas green flagellates. The small dinoflagellate
Sperodinium , associated with its prey species of cryptomonads and Mesodinium  were

universally the most abundant. Significantly, they equally occurred in PCL, BB and PW.

Sporadically, large euglenoids diagnostic of high organic loading, or cyanobacterial
filaments of Oscillatoria and Phormidium  were observed, but while more common in
PCL again these also occurred in BB and PW.

No evidence was found that lack of suitable microalgal food was responsible for the
stunted growth in oyster.

3.6.1 Taxonomic notes

The fish killing raphidophyte Heterosigma identified by AST was not confirmed with
certainty. These could have been the dinoflagellate Amphidinium  with large numbers
of chloroplasts, or abundant small bean -shaped cryptomonads. It is noted that the
common ciliate  Mesodinium  (with endosymbiotic cryptomonads) was excluded from
AST counts.

The PCL 11 March 2025 samples examined by AST as having high numbers of the

| 4 dzs { 3 LjL | 7 HétGopapsaO3 | f dpgd2 giqt | LiwdzQ ¢ 3[ 0 ¢dz Ljwyljf dz up!
water samples which included large numbers of the dinoflagellates Bysmatrum

subsalsum (with diagnostic striated plate ornamentation and apical collar (Figure 13.13)

as well as Sperodinium (which can vary greatly in size and shape according to

cryptomonad ingestion; Figure 13.8). Only a single cell of Heterocapsa was seen in the

IMAS net tow samples.

While the small dinoflagellate Karlodinium  was widely reported in the AST counts, and

of some concern since it has been associated with larval oyster mortalities at cell
concentrations > 1,000 cells mL % the highest concentrations observed in PCL in March

2025 were 130 mL L Karlodinium is an unarmoured dinoflagellate in the family
Kareniaceae with a slit  -like apical groove. Scanning electron microscopy conclusively
showed this small benthic peridinioid dinoflagellate to have delicate thecal plates and

an apical hook (Figure 13.10), most closely resembling  Sperodinium (Katodinium ) cf
fungiforme . Its known feeding behaviour on cryptomonads also points to this identity.

In conclusion, no microalgae known to cause harm to oysters were identified at
abundances that would cause mortality or performance impairment in these samples.
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Figure 13. Light (colour) and scanning electron micrographs (grey scale of phytoplankton samples.

Benthic diatoms: 1. Naviculoids; 2. Navicula; 3. Haslea; 4,5. Amphora; 6, 7; Pleurosigma. Small
dinoflagellates: 8 -11. Sperodinium (Katodinium); 8. feeding on cryptomona d; 10. Detail of apical hook;
12, 13. Bysmatrum subsalsum; 14. Scrippsiella; 5. Amphidinium. Flagellates: 16,17, Cryptomonads: 18.
Ciliate Mesodinium; 19. Large dinoflagellate Noctiluca.
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3.7 Seagrass

Image data from video captured at TO and T6 largely show similar flora at the
commencement and termination of the experiment at PCL1, PW and BB (Figure 14).
Notable change was observed only at PCL2: at TO, PCL2 had abundant amounts of
sludge -like material rising in isolated strands, possibly from benthic flora. This
substance easily came afloat by slight perturbation with the foot. Interestingly, this
sludge was completely absent in the final videos captured at T6.

Figure 14.Top panel (TO, T6): Images of seafloor at commencement (T0) and final (T6) sampling during
the experiment at all four sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB =
Boomer Bay). TO = 16 December 2024; T6 = 14 April 2025.

3.8 Bacterial diversity
3.8.1 Water bacteriome

Water samples from all sites were found to have a diverse community of bacterial

species present, for example PCL samples had approximately 60 -80 species detected
in each water sample. Alpha diversity metrics provide a measure of species richness
(number o f individual species) and evenness (relative abundances of individual
species) for a single ecosystem or location. Shannon Alpha -diversity indices (Figure 15)
revealed that PCL1 had the lowest overall bacterial diversity, however no statistically
significa nt difference could be detected across all sites with Kruskal -Wallis analysis of
variance (Shannon p = 0.076).
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Figure 15 Boxplots of species -level Shannon Alpha -diversity Indices of individual water sample
bacteriomes at the study sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB =
Boomer Bay) from TO (16 December 2024) to T5 (14 April 2025). Horizontal line within the box indicates
median values and black dots indicate mean values (n = 6)

Beta diversity measures changes in bacterial diversity and community composition

between different locations or ecosystems using dissimilarity metrics. This analysis

detected significant site  -specific variation in Beta  -diversity of microbial communities

in the growing water (PERMANOVA,; p = 0.001). Pairwise PERMANOVA analysis also
found statistically significant differences (p < 0.05) in the bacterial community

structure between all four experimental sites. PCL sites were most similar to each other
as evidenced by the high degree of overlap displayed in Figure 16. The tight clustering

of the PW sample timepoints show this bacterial community had the least variation

over time but was the most unique in terms of microbial community composit ion,
sharing little commonality with other sites.
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Figure 16. Principal Coordinate analysis plot of Beta -diversity in water bacteriomes at the study sites

(PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB = Boomer Bay) from TO (16 December
2024) to T5 (14 April 2025) .

There were clear temporal changes in microbial diversity present in the water samples

at each sampling location within PCL (Figure 17). The two locations, although only
separated by approximately 500 m, experienced widely different fluctuations in
bacteria | diversity. PCL1 water displayed increasing signs of microbial imbalance,
where the relative abundance of a single bacterial genus ( Pseudoalteromonas
increased from 27% in December, to 34% in late January, ending at 55% of the overall
bacterial population in April.

Contrasting the results of PCL1, water samples at PCL2 displayed a stable bacterial
population structure in December, where many bacterial species were represented

and no one species appeared to dominate the population. Importantly, the relative
abundance of Pseudoalteromonas  was 12%. As summer progressed, the water at PCL2

)

did display signs of microbial imbalance, as numbers of Pseudoalteromonas  increased

in a manner like PCL1, peaking in late January and February. This imbalance reversed
during March and April and the bacterial population returned to a community
structure more like that seen in December. By April, the bacterial community was
mor e diverse than the reference site at BB.
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Figure 17.Changes in Genus -level relative abundance of the bacteriome in water at the study sites
(PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB = Boomer Bay) from TO (16 December
2024) to T5 (14 April 2025). Top 30 taxa only are displayed to impr

Both reference sites, PW and BB, had diverse bacterial populations containing 80

ove clarity .

R100

individual species in the water, which varied little over the course of the experiment
(Figure 17). Microbial populations were dominated by common marine bacteria such

as Pelagibacter

, Planktomarina

potential pathogens such as

Pseudoalteromonas
around 1% which would

indicate this

, Phaeocystidibacter

and Nereida . Interestingly,

Vibrio species were rare and in low abundance, while

bacterium in marine environments.

Pitt Water was found to have a very high abundance of

is the normal

, SO prevalent in PCL, were generally present at abundances
relative abundance of this

Pelagibacter  (Figure 17)

throughout the duration of the experiment. This could indicate a bacterial dysbiosis
problem similar to that found in PCL1, however, the
as the most abundant bacteria in the ocean worldwide (Nielsen and Lui., 2026) so high
numbers of these bacteria are unlikely to cause a detrimental effect to oyster health.

Pelagibacter

genus is recognised

Figure 18 shows a typical example of balanced and unbalanced bacterial communities
in water at the oyster growing sites.
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Figure 18. Krona plots showing examples of bacterial abundance in select water samples from (
Boomer Bay and ( b) Pipe Clay Lagoon (PCL1), depicting balanced and unbalanced bacterial

communities, respectively.
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3.8.10yster bacteriome

Like the water bacteriome described above for BB, oysters at all sites were found to
contain a diverse range of bacterial taxa in their internal and external bacteriome
(Figure 19). A minimum of 58 and a maximum of 162 individual species were detected

in oyster samples with the highest number of species detected at PCL1 in April.

Because whole oysters were homogenised, the data represents the entire bacterial
community found residing in the oysters and no distinction has been made between
the digestive glan  d microbiome and the bacterial community residing in the gills and
other external parts of the oysters.

Although similar numbers of bacterial species were identified in the oysters and water,
the species composition in the oysters was very different to the species composition in
the water which is interesting considering the oysters are constantly in contact

the water and its resident bacterial community.

Bacterial communities found in oysters at all sites were dominated by members of

with

Mesomycoplasma , Spirochaeta and Alkalispirochaeta.  These three dominant genera

of bacteria are commonly associated with oysters and have been described in several

studies worldwide (Hines et al. , 2023; Kim et al., 2024). Numerous Vibrio species were

also commonly identified in oysters from all sites at each sampling event although

generally at lower abundances (Figure 19). Notably, although Pseudoalteromonas

and

Pelagibacter were found in both water and oysters, the top three most abundant

genera found in the oyster microbiomes were rarely detected in the water and at very
low abundances where present.
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Figure 19.Changes in Genus -level relative abundance of the bacteriome in oysters at the study sites
(PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB = Boomer Bay) from TO (16 December
2024) to T5 (14 April 2025). Top 30 taxa only are displayed to im prove clarity .

Bacterial communities in the oysters were found to be consistent and largely stable
across the four locations for the duration of the experiment (Figure 20). This contrasts
with the dramatic shift in bacterial community structure observed in the growing

water at PCL sites during the summer months. Confirming this observation, variance

&

&7

in calculated Shannon Alpha  -diversity indices analysed with the Kruskal -Wallis test

detected no statistically significant differences in species level bacterial diversity in
oysters in PCL compared to PW and BB reference sites (Shannon, p = 0.8098).

Although total bacterial diversity was similar at each site, the bacterial community
composition did vary significantly across sites. Pairwise PERMANOVA Beta diversity
analysis revealed significant differences in community structure between Pipe Clay
Lagoo n sites and both reference sites with the most significant difference between
PCL1 and BB (Pairwise PERMANOVA p = 0.008 (significant). No significant difference
was detected between PCL1 and PCL2 (p = 0.225 (not significant)) or between PW and
BB (p = 0.137 (not significant)).
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Figure 20.Boxplots of species -level Shannon Alpha -diversity Indices of individual oyster bacteriomes

at the study sites (PCL1, PCL2 = Pipe Clay Lagoon Sites 1 and 2; PW = Pitt Water; BB = Boomer Bay)
from TO (16 December 2024) to T5 (14 April 2025). Horizontal line within the box indicates median
values and black dots indicate mean values (n = 18). Kruskal -Wallis p -value: 0.8098 (non -significant).

3.9 Histopathology

External examination of oyster shells at all sites showed comparable negligible
biofouling of mud worms and pea crabs. Except for the distinctive transparency of
organs, especially the hepatopancreas, in PCL1 and PCL2 oysters, noticeable from T3
onward, no gross pathological changes were observed in all other sites. Extensive
histopathological changes were observed in several tissues of PCL1 and PCL2 oysters
at T3 (as detailed below), whilst mild haemocytic infiltration was observed earlier at
these sites.

Mantle: Surface epithelium of the mantle appeared intact with abundant mucous cells

and sporadic endocytosis of granulated green to brownish plant -originating material
(Figure 21). The latter was also observed in deeper layers, coinciding with
apoptotic/necrotic  cells. In deeper layers of the mantle, below the lamina propria, mild

to extensive disseminated haemocyte infiltration was observed, with haemocytes at
various stages of apoptosis/necrosis. Sporadically observed haemocytes contained
phagocytosed granular p  lant material in the cytoplasm. Vacuolisation of deeper
connective tissue was present to varying degrees, with glycogen depletion and
rarefaction of connective fibres.
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Figure 21 Representative view of the mantle of a Pipe Clay Lagoon 1 oysters at T3. Deeper connective

tissue of the mantle pallial zone with a sinus and connective tissue (ct) infiltrated with mild (A) and

medium infiltration of haemocytes (B). Note the male gonad (g ) developing in the connective tissue.
Heavy infiltration of haemocytes in various stages of apoptosis/ necrosis (an) in the mantle (C, D).
Columnar epithelium (me) of the mantle pallial zone showing absorption of granular plant material

(E). Intensified p hagocytosis of granular plant material in connective tissue of the mantle by
haemocytes surrounded by connective fibres (cf). Arrowheads: inclusions of granular plant material

within connective tissue (A, B) or haemocytes (D, F). Arrow: vacuolisation of th e subepithelial lamina
propria of the mantle. Haematoxylin and Eosin (H&E). Scale bar: 50 um A, B; 20 um C -F.

Gills: The apical gill epithelium  showed mild fragmentation of ciliature, haemocyte
infiltration and infrequent apoptosis in the submucosa (Figure 22).
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Figure 22.Representative view of the gills of the Pipe Clay Lagoon 1 oysters at T3. (A) and (B) Typical
appearance of filaments with a mild infiltration of haemocytes around the chitinous structure of the

filament base (red arrowheads). Damage of the frontal ciliatu re of the epithelial cells (black
arrowheads) and presence of mature mucus cells (black arrows). H&E. Scale bar: 100 um A; 20 um B,

C.

Adductor muscle: Myocytes appeared typical, with only mild haemocytic infiltration.

Hepatopancreas  (Figure 23):

T

1

Digestive tubules: The cubic epithelium was sometimes relatively flattened,

not showing the typical four -pointed star appearance of the lumen. The lumen
contained organic, lightly stained material that may resemble autodigestion,

with surrounding cells showing apoptosis/nec rosis. Mucus cells in the digestive
tubules were rare. Tubules' cilia were sometimes short and fragmented.
Occasionally, a mild haemocytic infiltration was observed, along with adsorbed

plant -like granular material.

Intestine:  The Ilumen contained material, and enterocytes occasionally

exhibited irregular, fragmented microvilli. Granular plant -like material was
observed within enterocytes. Mild haemocytic infiltration was observed among
enterocytes and in the intestinal lamina p ropria.

Stomach: same as the intestine.

Gonads: Gonadal masses were observed over the study period and remain unchanged.
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Figure 23.Representative view of the digestive gland (A -C) and intestine (D  -F) of the Pipe Clay Lagoon
1 oysters at T3 (19 February 2026). (A) Typical appearance of intestine (int), secondary ducts (sc) and
digestive tubules (dt). (B) and (C) Secondary duct (sc) wit h mucus goblet cells (left side) and a
digestive tubule with digested material in the lumen. Note haemocyte infiltration in the connective

tissue (arrow) and absorption of ingested granulated plant material (red arrowhead). (D) Intestine

with damaged cilia  of the enterocytes. The black square is shown at higher magnification in (E).
Vacuolated connective tissue with haemocyte infiltration (arrow), plant -like material (black
arrowheads) (F). Note the disruption and depletion of the connective tissue. H&E. Sc ale bar: 200 pm
A; 20 um B, E; 100 um D, F.

3.10 Haemolymph

A preliminary testing of 16S sequencing of only two samples of haemolymph collected
at T5 from PCL2 showed a limited, but consistent number of bacterial reads (Table 3).
Species highlighted in purple are endosymbiotic bacteria inhabiting amoeba, in

particu lar Hartmanella  spp. and ciliates. Highlighted in ochre is a toxin -producing
cyanobacteria,  Vibrio tubiashii (in bold) is a recognised oyster pathogen, while
Fusicatenibacter saccharivorans is a bacterium present in the human gut. The rest of

the taxa are aquatic bacteria known for the breakdown of methane, carbazole and
nitrogen.

The second sequencing testing, which enabled whole -genome amplification of
bacteria from PCL1 haemolymph at TO and T4 revealed higher abundance and diversity

of bacteria. The haemolymph collected from oysters at two timepoints (TO and T4)
showed relatively  consistent profiles of bacteria at family (Figure 24), and genus level
(Figure 25). However, the presence of Vibrio spp. is notable at T4.

49



Table 3. Abundance of bacterial species and their higher taxonomic levels, identified in the haemolymph of two oysters (#3 and #4), co
from Pipe Clay Lagoon 2.

llected at T5 (time?)

Super Estimated
tax_id abundance  species genus family order class phylum kingdom counts
1509244 0.219374277 Candidatus Nucleicultrix amoebiphil Candidatus Nucleicultrix Caedimonadaceae Holosporales Alphaproteobacteria  Proteobacteria Bacteria 6.581228308
1629334 0.194418827 Caedimonas varicaedens Caedimonas Caedimonadaceae Holosporales Alphaproteobacteria  Proteobacteria Bacteria 5.832564795

28108 0.172413793 Alteromonas macleodii Alteromonas Alteromonadaceae Alteromonadales Gammaproteobacteric Proteobacteria Bacteria 5.172413793

424 0.103448276 Methylomonas rubra Methylomonas Methylococcaceae Methylococcales Gammaproteobacteriec Proteobacteria Bacteria 3.103448276

§ 70995 0.034482759 Lewinellacohaerens Lewinella Lewinellaceae Saprospirales Saprospiria Bacteroidetes  Bacteria 1.034482759
% 1150298 0.034482759 Fusicatenibacter saccharivorans Fusicatenibacter Lachnospiraceae Clostridiales Clostridia Firmicutes Bacteria 1.034482759
g 1128113 0.034482759 Algimonas porphyrae Algimonas Hyphomonadaceae Rhodobacterales Alphaproteobacteria  Proteobacteria  Bacteria 1.034482759
‘Q 29498 0.034482759 Vibrio tubiashii Vibrio Vibrionaceae Vibrionales Gammaproteobacteric Proteobacteria Bacteria 1.034482759
© 2017482 0.034482759 Thalassococcusp. S3 Thalassococcus Rhodobacteraceae Rhodobacterales Alphaproteobacteria  Proteobacteria Bacteria 1.034482759
2528010 0.034482759 Planctomycetes bacteriuRla85_3_4 Planctomycetes Bacteria 1.034482759
47671 0.034482759 Lautropia mirabilis Lautropia Burkholderiaceae Burkholderiales  Betaproteobacteria Proteobacteria Bacteria 1.034482759
576610 0.034482759 Polynucleobacter necessarius Polynucleobacter Burkholderiaceae Burkholderiales Betaproteobacteria Proteobacteria Bacteria 1.034482759
1034944 0.034482759 Legionella tunisiensis Legionella Legionellaceae Legionellales Gammaproteobacteric Proteobacteria Bacteria 1.034482759
424 0.294223816 Methylomonas rubra Methylomonas Methylococcaceae Methylococcales Gammaproteobacteric Proteobacteria Bacteria 5.296028695

ﬁ 421 0.176364419 Methylomonas methanica Methylomonas Methylococcaceae Methylococcales Gammaproteobacteric Proteobacteria Bacteria 3.174559541
E/ 1629334 0.184968853 Caedimonas varicaedens Caedimonas Caedimonadaceae Holosporales Alphaproteobacteria  Proteobacteria Bacteria 3.329439363
g 1509244 0.167972323 Candidatus Nucleicultrix amoebiphil Candidatus Nucleicultrix Caedimonadaceae Holosporales Alphaproteobacteria  Proteobacteria Bacteria 3.023501814
‘t7>>\ 1727196 0.058823529 Methylomonasp. DH1 Methylomonas Methylococcaceae Methylococcales Gammaproteobacteriec Proteobacteria Bacteria 1.058823529
° 102117 0.058823529 Oscillatoria sancta Oscillatoria Oscillatoriaceae Oscillatoriales Cyanobacteria Bacteria 1.058823529
37482 0.058823529 Laceyella sacchari Laceyella Thermoactinomycetacea: Bacillales Bacilli Firmicutes Bacteria 1.058823529
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Pipe Clay Lagoon 1 at TO (16 December 2025) (#3  -#5) and T4 (12 March 2026) (#95 -#97) presented at
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Figure 25. Relative abundance of bacteria present in the haemolymph of select individual oysters at
Pipe Clay Lagoon 1 at TO (16 December 2025) (#3  -#5) and T4 (12 March 2025) (#95 -#97) presented at

genus level. The data present abundance >1 read.
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Ultrathin sections of the PCL1 oyster mantle, gill and digestive gland revealed no
obvious presence of viral or bacterial pathogens. Gill tissues of PCL1 oysters
encompassed a few apoptotic cells, but no obvious alteration of structure was
observed (Figure 26). A low number of scuticociliates enveloped within oyster mucus
was found in the gill epithelium at T4 (Figure 27).

Figure 26.Representative view of transmission electron microscopy section of gill tissues in Pipe Clay
Lagoon 1 oysters sampled at TO (16 December 2025) (A) and T4 (12 March 2026) (B). c: cilia of gill

epithelial cells, ct: connective tissue of gills, ly and with ar rows: lysosomes, m: mitochondria, n:
nucleus. Light green arrows point to apoptotic cells, and red encircled cell includes many
| 0LjoaL =¢ Q¢ qtdzom  SglLj,dz GLiwl ' LjsQ +f ctm

Figure 27.Representative view of transmission electron microscopy section of gill tissues in Pipe Clay
Lagoon 1 oysters sampled at T4 (12 March 2026). A single (A) and divided scuticociliate (B). c: cilia of
gill epithelial cells, m: mitochondria, n: nucleus, v: vac uoles. Short dark blue arrows point to oyster

tAghk¢ dzstsdzd QL 3sO [Udz ¢gA[39gQg3) 3Ljfdzn &glLj,dz GLiwl ¢ LisO ' ©

The cubic and cylindric epithelium of oyster mantle tissues at TO compared to T4
showed the difference in the number of granules and lysosomes, and the presence of
apoptotic cells at the latter timepoint (Figure 28). At TO, epithelial cells were more

abund ant in mitochondria, and intensive transport between the environment and the

cells was noted, as well as more cells with glycogen -like vesicles (Figure 28). At T4,
cytoplasm of epithelial cells showed rarefaction, no mitochondria, and lamellar, empty

granu les.
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Figure 28.Representative view of transmission electron microscopy section of mantle tissues in Pipe

Clay Lagoon 1 oysters sampled at TO (16 December 2025) (upper row) and T4 (12 March 2026) (lower

row). Cubic epithelium at TO is enriched in mitochondria, and transpo rt vacuoles in the apical part (A).
Cells in deeper layers carry glycogen -like granules (B) or show extensive lysosomal activity (C). Cubic
epithelium at T4 undergoes limited apoptosis (D), with numerous empty vesicles in the apical part

(note the absence of mitochondria) (E) or phagolysosomes (F). c: cilia of epithelial cells, ly: lysosome,
m: mitochondria, n: nucleus, asterisk: transport vesicles, short white arrows: granules, light green

arrows: apoptotic cells, red encircled structures: phagolysosomes in apoptotic cells. Scale bar: 1 (B, F),

9 6!'L >L MP LjsO ' OG6EP ctm

The difference in ultrastructure of digestive tubules of oysters collected at TO and T4

was the most remarkable. TO oysters showed electron dense cytoplasms packed with
mitochondria, lysosomes, granules and vesicles in different stage of pinocytosis, the
latter being present in the lumen of the tubules (Figure 29). Deeper tissues
encompassed gametes (spermatozoa in the specific case). The cytoplasm of epithelial

cells at T4 showed large lysosomal bodies with electron -dense and depleting content,
sometimes w ith breaking down in the apical part, leading to the damage of the apical

cell membrane. Few mitochondria and granulated matter were also present, while the

lumen of tubules was filled with proteinaceous electron -light material.

Figure 29.Representative view of Transmission Electron Microscopy section of digestive gland tissues
in Pipe Clay Lagoon 1 oysters sampled at TO (16 December 2025) (A) and T4 (12 March 2026) (B). The
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cylindric epithelium at TO shows active transport (white asterisk), with the cell apical part enriched in

organelles, particularly pinosomes. Mucous gland cells (gc) and few granulocytes (encircled in blue)

are present as well as scattered spermatocytes (s ¢) and spermatozoa (A inset). At T4, the cytoplasm

of the epithelium shows lysosomes at different level of degranulation and depletion (multiple red

circles), with destruction of the apical cell part (light green arrows). Note the proteinaceous material

accumulating in the lumen. c: cilia of epithelial cells, lu: tubule lumen, mi: microvilli of epithelial cells,

sl sAgldzAom dglj,dz GLjwl 9 6! 3Jsoédz[P LisQO ' o6!L =P ctm

3.12 Transcriptomics
3.121Data quality check

The average number of sequenced raw reads was 47,576,215.7, and after filtering 1.5%,
46,857,608.6 clean reads were available. The average number of raw bases was 7.1365
Gb, and the number of clean bases after filtering was 7.028625 Gb. Q20 was 99.56, Q30
was 98.04 and GC content was 43.16. The error rate was below 0.01.

On average, 72.1% of reads were mapped on the reference genome, while proper
mapping reached 61.73%.

3.12.2Gene expression counts

A Pearson correlation heatmap of oyster digestive gland RNA -seq visualises linear
relationships between samples or genes, with colour indicating the strength and

direction of correlation (ranging from 0.8 to 1) (Figure 30). It identifies sample
similaritie s, identifies technical replicates, detects outliers, and confirms that replicates

within experimental groups cluster together, reflecting good data quality.
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Figure 30.Correlation heatmap of RNA  -seq performed with oyster digestive gland samples collected
from four sites across five time points (TO, T1, T2, T4, T6) using the Pearson coefficient. High correlation
values (closer to 1, dark red) indicate samples that have si milar gene expression profiles, while low
values indicate dissimilarity (closer to 0.80, dark blue).

The distribution of read counts across genes and samples provides insight into gene
expression levels, variability, and the reliability of detected biological signals (Figure 31).
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