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Appendix A – Methods for Expanded Fish Health 
Sampling Program 

Animal ethics 

The expanded fish health sampling program was conducted under the provision of Animal 
Ethics Approvals Ref# CA 2011/10/554 and CA 2012/04/605. 

Study area 

The principal study area was Gladstone Harbour and surrounding waters, as defined by the 
Fisheries (Gladstone Harbour and Surrounding Waters) Emergency Disease and Quarantine 
Declaration 2011. This area includes significant waterways, including the Narrows, Graham 
Ck (Curtis Island), Calliope River, Auckland Ck, South Trees Inlet, Boyne River, Colosseum 
Inlet, Seven Mile Ck, Rodds Bay and Rodds Harbour. Sampling took place at a range of sites 
within the principal study area, and the locations of these sites are shown in Figure A-1. The 
sites are the Narrows, Port Development Area, Hamilton Point (including waters east to 
Enfield creek), Calliope River (including Wiggins Island), Gladstone Harbour (trawl), Spoil 
Ground, Upper Boyne River, Lower Boyne River and Rodds Bay. 

Figure A-1. Sampling sites (including reference sites) monitored during the program.  

 
The main reference sites (i.e. for comparison with the study area) for the scheduled 
monitoring program include the nearby Fitzroy River (including Port Alma) to the north, and 
Bundaberg with its adjacent coastal waters and estuaries to the south. Opportunistic data 
collection also occurred in a variety of sites throughout the state, depending on routine 
activity in the Fisheries Queensland Observer Program and other sampling programs. 
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Candidate species 

The monitoring program focussed on seven species of finfish, one species of shark, one 
species of prawn, and one species of crab. These species represent a range of different life 
cycles (e.g. catadromous and estuarine) and trophic levels (e.g. predatory, omnivorous 
detritivores and scavengers). They are species that have been encountered during regular 
sampling in the principal study area and reference areas to date (i.e. since October 2011), 
are caught using a range of different methods/fishing gear, and have displayed a variety of 
abnormalities. 

Barramundi (Lates calcarifer) 

Barramundi is a highly predatory species and a principle target in the region for recreational 
line and commercial net fishers. It is catadromous, in that fish live in fresh and marine waters, 
but must migrate to marine waters to spawn. Barramundi fingerlings are stocked into 
freshwater impoundments throughout the Port Curtis and Fitzroy River catchments, including 
Awoonga Dam. 

Mullet (Mugilidae) 

Mullet is an omnivorous detritivore with a catadromous lifecycle. The species is caught 
mainly by commercial net fishers, although smaller numbers are also caught by recreational 
fishers (mainly for bait) using cast nets. Sea mullet have been stocked into Lake Awoonga.  

Banana prawn (Fenneropenaeus merguiensis) 

Banana prawns are omnivorous detritivores and a principle target for the commercial trawl 
fishery in the region, as well as for recreational fishers using cast nets. Banana prawns use 
the numerous intertidal mangrove lined creeks as nursery habitats, then move into more 
coastal waters as they grow. 

Mud crab (Scylla serrata) 

Mud crab is the principle target species for recreational and commercial crabbers in the 
region. The species is an active omnivorous scavenger that occurs in estuarine and coastal 
habitats with mud substratum. 

Bull shark (Carcharhinus leucas) 

Bull shark is a predatory estuarine and coastal species caught frequently in the region by 
commercial net fishers and recreational line fishers. The species is known to migrate into 
freshwater, particularly as juveniles.  

Trawl species: Grinner (Saurida sp), Australian threadfin (Polydactylus multiradiatus) 
and Castelnau’s herring (Herklotsichthys castelnaui) 

These three taxa are small in size and common in the local demersal fish assemblages, 
which makes them common in bycatch of trawlers operating inside the study area. They are 
caught occasionally by recreational anglers. 

Pelagic species: Queenfish (Scomberoides sp.) 

Queenfish is a pelagic species occurring throughout the region and commonly caught in 
barramundi nets. In previous sampling it had shown some signs of redness and fish had 
been found with a high prevalence of ectoparasites. 
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Sampling regime 

Timing 

The sampling regime as outlined in Table1 commenced in April 2012 and was repeated in 
June/July 2012 providing two separate sampling periods. During each sampling period, ten 
locations were sampled (see Table 1). At each location candidate species have been 
identified for sampling. A third sampling was conducted in September 2012, focussing on 
barramundi in the Boyne River, considering previously identified ectoparasite issues during 
the cooler months of 2011.  

Gear type 

Multiple gear types were used during the sampling program depending on site and candidate 
species. The gear types were consistent with commercial fishing apparatus and included: 
 gill net / haul net – barramundi, sea mullet, bull sharks and queenfish 
 prawn trawl gear – banana prawn, grinner, Australian threadfin, Castelnau’s herring 
 crab pots – mud crabs. 
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Table 1: Candidate species for each sampling location. 

Sampling locations 
Fitzroy Port 

Development 
Area 

Bundaberg 

Species 
(Reference 

Site) 

The 
Narrows

Hamilton 
Point 

  

Calliope 
River 

Spoil 
grounds 

Harbour 
trawl 

grounds 

Upper 
Boyne 
River 

Lower 
Boyne 
River 

Rodd’s 
Bay 

(Reference 
Site) 

Mud crab × × × x ×         × × 

Barramundi ×   ×   ×     × × × × 

Bull shark ×   ×   ×     × × × × 

Mullet ×       ×     × × × × 

Trawl species – 
Banana prawn, 
Grinner, Australian 
threadfin, 
Castelnau’s herring 

×           ×       × 

Queenfish    

(or other pelagic 
species. e.g 
mackerel) 

×     

  

  ×         × 
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Sampling 

Field observations 

In the field up to 100 individuals per site per trip, of each candidate species were observed. 
Their lengths and external health condition were recorded on field data sheets at the time of 
capture. From the observed individuals, 10 were retained for further processing. The 
remaining individuals were returned to the water alive with the exception of some mud crabs 
which were retained by the commercial fisher. 

Samples selected for further processing 

Ten individuals per site per trip, of each candidate species (targeting five apparently healthy 
and five apparently unhealthy) were selected for further testing by Biosecurity Queensland.  
 

Fish/sharks were selected as unhealthy based on the presence of: 
 lesions and skin discolouration as per Appendix 1 

 eye lesions as per Appendix 1 

 swelling or unusual mass on the abdomen 

 signs of emaciation (i.e. large head, thin body, poor body condition) 

 haemorrhage from gills or vent. 

Crabs were selected as unhealthy based on the presence of: 
 rust spots 

 shell erosion 

 fouling of the shell 

 lost appendages. 

Prawns were selected as unhealthy based on the presence of: 
 presence of lesions/shell erosion 

 parasitic infestation. 

Whilst 10 might seem a relatively low number, the overall level of replication is built up 
across sites and times. Hence, the expectation of 10 fish/crabs/sharks/prawns per sample 
per site per trip, should ultimately give adequate coverage across sexes, ages, lengths, and 
any other influential factors, so that these effects can then be taken into account in the 
overall analysis of data. 
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Sample processing 

Sample processing involved two steps: 

Step 1: Observations and data recorded by field staff at the time of capture. 

For each species, the following data was recorded in the field on a Fish Health Field 

Datasheet: 

 site details 

 time of capture 

 specimen identification number on waterproof label where appropriate (see below). 

Mullet, barramundi, queenfish and sharks 

 Length (forklength) was measured to the nearest 10 mm. 

 Skin and eye condition was classified according to Appendix 1. 

 All specimens selected for necropsy examination were allocated a specimen 

identification number, photographed on both sides with close-up images captured of 

abnormalities (specimen identification number label visible in all images), euthanized 

(blunt force trauma), individually bagged and transported on ice to the laboratory. 

Mud crabs 

 Carapace width (notch to notch) was recorded to the nearest mm using calipers.  

 Sex recorded 

 An assessment of: 

o limbs missing 

o ‘rust’ spots number and grade as per criteria outlined in Table A-2 

Table A-2: Grading system used to classify shell lesions as described by Andersen (2003).  

Grade Description

Grade 1 Non perforated < 5 mm diameter 

Grade 2 Non perforated > or = 5 mm diameter 

Grade 3 Perforated cuticle (either partially or fully) < 

5mm diameter 

Grade 4 Perforated cuticle (either partially or fully) > 

or =  5mm diameter and < 20 mm diameter 

Grade 5 Perforated cuticle (either partially or fully) > 

or =  20 mm diameter 
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o lesions present/absent (estimated % shell affected) 

o fouling of the shell present/absent 

 All specimens selected for further testing were allocated a specimen number and 

photographed (specimen identification number label visible in all images).  

 Live crabs were submitted for necropsy examination by Biosecurity Queensland. 

Banana prawns 

 Carapace length (notch at base of rostrum to posterior margin of carapace) 

 Shell lesions or erosion present/absent 

 Visible parasites present/absent 

 All specimens selected for further testing were allocated a specimen identification 

number and photographed on both sides with close-up images captured of 

abnormalities (specimen identification number label visible in all images). These 

specimens were processed immediately after capture onboard the trawler by a 

veterinarian with aquatic animal health expertise.  

o Shell condition was rated and any lesions or irregularities photographed. 

Swabs were taken for bacteriology testing of any major lesions. 

o Cephalothorax/ hepatopancreas was injected with 1-2 ml 10% formalin.  

Prawns were cut through with a scalpel immediately posterior to the 

cephalothorax.  Shell covering gills was removed on one side, heads fixed 

whole in 50 ml 10% formalin fixative (see photo 1). 

o Tails were frozen for residue testing in separate containers. 

Photo 1: Injecting the cephalothorax of a banana prawn with 10% formalin, and removing the gill cover to 
optimize fixation of tissues. 
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Herring/grinner/Australian threadfin 

 Length (forklength) was measured to the nearest 1 mm 

 Skin and eye condition was classified according to Attachment 1 

 All specimens selected for further testing were allocated a specimen identification 

number, photographed on both sides with close-up images captured of abnormalities 

(specimen identification number label visible in all images) and euthanized (severe 

spinal cord behind head). These specimens were processed immediately after 

capture onboard the trawler by veterinarian with aquatic animal health expertise.  

o As much muscle as possible/practical was removed without rupturing the gut 

cavity and frozen for potential future chemical residue testing (see photo 2). 

This aimed to achieve of two aliquots each containing at least 10 g (where 

possible). 

o Operculum cover was removed on one side and the abdomen opened with 

scissors without rupturing any organs. The whole fish (minus muscle sample) 

was placed in formalin for potential histology, noting that the ratio of tissue : 

fixative should not exceed 1:10. 

 
Photo 2: Obtaining muscle samples for residue testing without disturbing the internal organs. 
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Photo 3: Opening the abdomen of a herring to allow penetration of fixative to internal organs. 

Specimen identification number 

Where specimens had been selected for further processing, a specimen identification 
number was assigned in the field. The number was written on waterproof paper and 
recorded: 

 Trip number 

o e.g. T1, T2, T3  

 Site reference 

o FIT – Fitzroy 

o NAR – Narrows 

o HAM – Hamilton Point 

o CAL – Calliope River 

o SPG – Spoil grounds 

o HTR – Harbour trawl 

o UPB – upper Boyne River 

o LOB – lower Boyne River 

o ROB – Rodds Bay 

o BUN – Bundaberg 

 Specimen number 

o 4 digits (e.g. 0001) 

 

For example: the third specimen, regardless of species collected from the upper Boyne on 
Trip 2, would be allocated a specimen number T2UPB0003. The specimen number was 
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recorded on a waterproof label and remained with the specimen from capture to lab 
processing. 

Step 2: Laboratory processing 

Step two involved the processing of samples that were kept for further analysis. Where 
possible, observations were quantified to allow proper comparison and analysis. All data 
was recorded on a Fish Health Laboratory Datasheet by Biosecurity Queensland (Appendix 
2), and categories were used to develop fish health indices for crude overall comparison of 
fish health (Appendix 3). Classification of necropsy criteria was based on Schmitt et al. 2000.   

Mullet, barramundi, queenfish and sharks 

 Weight recorded 

 Length recorded (forklength to nearest 10 mm) 

 External photographs with close-up images captured of abnormalities 

 Otoliths removed (for fisheries analysis, barramundi and mullet only) 

 Analysis for skin ‘redness’ according to existing protocol (note this was done on-

board with live or freshly dead fish for post-mortem comparison) 

 Lesion count and severity with samples fixed in formalin. If there was only one lesion, 

it was preserved for histology, taking a section of the lesion that spans the 

abnormality to normal skin 

 Eye condition, general condition, skin condition and abdomen were assessed 

according to the data sheet categories 

 Swab taken from any skin lesions 

o  A bacterial swab was inserted into a fresh scalpel cut edge of the skin lesion 

after 1 ml of 70% ethanol was applied to disinfect the surface. The swab 

collected blood or fluid from the wound and was replaced into its transport 

media, labelled and placed into a dry plastic zip-lock bag on ice or 

refrigeration at 4 degrees celcius. These were sent to Biosecurity Science 

Laboratory in Coopers Plains for analysis within 72 hrs 

 Skin sample taken – ensuring sample includes all layers of skin, epidermis through 

dermis to start of muscle 

o Histolgy - ~2 cm sq  in 50 ml 10% formalin 

 Gills observed for appearance, parasite load and sediment fouling  

o Sample taken for chemical residue testing - One side of gills, frozen. This 

consisted of 2 aliquots each containing at least 10 g (where possible). 

o Sample for histology – 1 cm length of holobranch in 50 ml 10% formalin 

 Open gut cavity. Photograph internal organs, noting any abnormalities 
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 Liver weighed, then divided into two samples: 

o Sample for chemical residue testing – frozen. This should consist of 2 

aliquots each containing at least 10 g (where possible) 

o Sample for histology - ~1 cm cubed in 50 ml 10% formalin 

 Other tissues for histology: heart, spleen, kidney, hindgut - ~1 cm cubed fixed in 

100ml 10% formalin 

 Gonad status, bile appearance, mesentery fat and parasite load were evaluated 

according to the data sheet categories and any abnormalities noted 

 Muscle sample taken –  

o Sample for residue testing – frozen. This should consist of 2 aliquots each 

containing at least 10 g (where possible) 

o Sample for histology - ~1 cm cubed in 50 ml 10% formalin.  

Trawl Species: Banana prawns, herring/grinner/Australian threadfin 

These species were processed onboard the trawl vessel according to processing 
instructions outlined above (Step 1: Observations and data recorded by field staff at the time 
of capture). 

Mud crabs 

 Live crabs were held at 4°C for 15 minutes then transferred to -20°C until insensible 

prior to necropsy 

 Weight, carapace width and gender were recorded 

 Photographs were taken of any shell lesions and internal organs 

 Haemolymph was sampled for bacteriology.  An aseptic sample of haemolymph was 

taken from the heart using a syringe and sterile hypodermic needle through the 

membrane between thorax and abdomen (cleaned with alcohol first). This was then 

discharged directly on marine agar with vitamin (MAV) plates for primary culture 

 Gross evaluation with comment and scoring for: 

o Shell – lesions, noting ‘rust spot shell disease’ as outlined in the field 

observations section above 

  Gross evaluation with comment and scoring for: 

o Limbs – all present, one missing, more than one missing 

o Muscle – watery, translucent, opaque, contracted, multiple white spots 

o Gills – clean or fouled 

o Gonad – present/absent 

o Hepatopancreas – normal colouration or yellow/pale 
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o Gut – normal/abnormal 

 Weight of hepatopancreas recorded 

 Histology - formalin fixing (1 cm x 1 cm in 50 ml 10% formalin):  

o lesions 

o gill  

o hepatopancreas  

o heart 

o muscle 

o gonad. 

Residue testing – Frozen: gill, hepatopancreas and claw muscle in separate containers each 
containing at least 10 g (where possible).
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Appendix A–1: Eye and Skin lesion grading system 

Eye photo  Description  Grade  

This section classifies eye condition according to gross observations. 

 
 
 
 
 
 
Normal looking 
eye E0 

 
 
 
 
Fresh 
haemorrhages 
in or around 
normal eye.  
 
(Damage 
associated with 
the capture 
process). 

E0a 

 
 
 
Cloudy eye. 
Note 
Neobenedenia 
sp. fluke 
(circled).  

E1 
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Cloudy eye, 
swollen, 
redness or 
hemorrhage 

E2 

Ruptured eye 
ball 

E3 
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Skin discolouration photo Description Grade 

This section classifies skin based on colouration alone, even though some 
“discolouration” may technically represent “lesions”. 

 
 
 
 
No skin 
discolouration 
(ignoring marks 
associated with 
capture) 

SK0 

 
 
 
 
 
 
 
 
 
 
 
Pale pink areas 
ventrally 

SK1 
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Red pin point 
marks – no 
general redness 
and scales 
attached 

SK2 

Pin point areas 
skin/fins and/or 
general redness 
over large area 
of body. 

SK3 
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Extensive 
redness of the 
skin as a ‘rash’, 
may involve the 
fins and fin 
bases. 
 
No scales 
detached 

 
 
 
SK4 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

96

 

 

Lesion photos Description Grade 

This section classifies lesions based on gross observations, considering location, size and 
severity. 

No lesions L0 

Individual scales 
detached 

L1 

 
 
 
 
 
 
Adjoining 
multiple scales 
detached 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
L2 
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Shark: Adjoining 
multiple scales 
detached 

 
 
 
 
L2 
(continued) 

Ulceration 
through the skin 
with scale loss, 
muscle damage, 
or bleeding.  

L3 

 
 
 
This 
classification 
describes what 
is thought to be 
associated with 
physical 
damage. For 
example:  
 
 
jaw abrasions; 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
L4 
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operculum 
grazing; 
 
 
 
 
 
 
 
 
 
 
 
 
cuts or 
lacerations 

 
 
 
 
 
L4 
continued 
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Appendix A–2:  Necropsy data sheets 

N
(
 

ecropsy data sheet, modified from Biomonitoring of Environmental Status and Trends 
BEST) program (from Goede 1989).  

Fish Species: Barramundi / Sea mullet / Bull shark / Threadfin / Grinner / Herring/ Queenfish 
Animal ID (Fisheries):  
Submission number (BQ):  
Length:   Date: 
Weight:   Time si ce deatn h: 
Organ/tissue  Classification   frozen  fixed  swab  Comment 
Skin  SK0; SK1; SK2; SK3;

0; L1; L2; L3; L4 (l
 SK4 (re
esions) 

dness) 
L

       

Eyes  E0; E0a; E1; E2; E3 
 

       

Fins  F0; F1; F2 
 

       

General 
condition 

Normal; emaciated         

Abdomen  Normal; tucked; bloated         

Gills   Normal; frayed; clubb
marginate; pale; othe

ed; 
r 

         

Heart  Normal or abnormal         

Liver  Form: Normal; fatty; nodules;  
Colour: Normal (red or light red); 

 general focal discolouration;
discolouration; other  

        Mass: 

Spleen  A) Black; red; other 
ged; B) Granular; nodular; enlar

other 

       

Kidney  Normal; swollen; mottled; 
granular; urolithic; other. 

       

Hindgut (0‐3)  H0; H1; H2; H3 
(No, mild, moderate, severe 
inflammation) 

       

Bile (0‐3)  Empty/not visible; yellow;  
light green; dark green 

       

Mesentery fat 
(0‐4) 

None; <50% caecum covered; 50% 
covered; >50% covered; 
completely covered 

       

Parasites (0‐4)  P0 (none); P1 (single); P2 (few); P3 
(<50); P4 (>50). Monogenea; 
copepods; isopods; other 

       

Gonad  Unclear; M1 (immatu
(gravid); F1; F2.  

re); M2         

Muscle  Normal or abnormal           

G
 
 

eneral Comment: 

Otoliths taken:
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Appendix A–3: Fish health assessment variables 

Fish health assessment variables and substituted values, modified from Biomonitoring of 
nvironmental Status and Trends (BEST) program.  E

 
 
Variable  Variable condition  Field  Substituted 
 

 
 

 

Designation  Value 
   

Fins  No active erosion  F0  0 
  L

S
 

ight active erosion  F
F

1 
 

1
2

0 
0 

 

evere active erosion  2

B

 

0 Spleen  Normal: black, very dark red or red   

D
  Normal: granular, rough appearance  G 

 
 

0 
 

 

Nodular, ontaining fistulas or nodules c
nlarged 

 

ther: aberration not fitting any above

30 
30 E

O
 

E

O 
 

 

Normal, no inflammation or redd ning 

T  30 

Hindgut  e
Slight inflammation or reddening 

0  0 
 

 

1 
 
 

10 
0 M

S
 

oderate inflammation or redden g in
evere inflammation or reddening 

2
3

2
 
 

 

Normal: firm, dark, flat 

30 

Kidney  N 

M

0 
  Swollen: enlarged or swollen  S  30 

30
  Mottled: gray discolouration   

 
U 

30 

30
  Granular in appearance and texture  G  

 
3  

  Urolithiasis or nephrocalcinosis  
 

 

Other: aberration not f tting any above i

Normal: no aberration 

OT  0

0 
     

Skin  SK0 

SK2
  Mild skin aberrations  SK1 

SK3

    10 

30
  Moderate skin aberrations   

 
SK4 

20 
 

40 
 

 

Severe skin aberrations 
Extensive redness as a rash. Scales intact 

   
   
Liver Normal: solid red or light red color A,B 0 
 ’Fatty’ liver, ’coffee with cream’ colour C 30 
 Nodules or cysts in liver D 30 
 
 
 

Focal discolouration E 30

30 
General discolouration F 30
Other: deviation not fitting any above  OT 

 
E

 
yes  No aberration, good, clea  eyes r

Opaque eye (one or bo ) 

E0 

E1

0 
0   Fresh haemorrhage (eg net damage)  EOa 

  th
d

Ruptured (one or both) 

 
 

E  

30 
 

3  
 

 

Cloudy and swollen, re  or haemorrhaging E2 30
3

N

0

0 
   
Gills  Normal: no apparent abe rations r

Clubbed, swelling of tips 

 
 

C 
  Frayed, ragged appearance  F 30 

 
30 

 

 

 

30
Marginate: light discoloured margin  M 
Pale, very light colour P 30
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Other OT 30 
  

Parasites  No observed parasites P0 0 

  Few observed parasites P1 10 

  Moderate parasite infestation P2 20 

 
 

Numerous parasites P3 30 

 
Reference: Schmitt, C. J. and G. M. Dethloff. editors. 2000. Biomonitoring of Environmental Status and Trends (BEST) 
Program: selected methods for monitoring chemical contaminants and their effects in aquatic ecosystems. U.S. 
eological Survey, Biological Resources Division, Columbia, (MO): Information and Technology Report USGS/BRD‐
000‐‐0005. 81 pp. 
G
2
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