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ENVIRONMENTAL ALTERATIONS IN SOUTHEAST QUEENSLAND  
ENDANGER THE AUSTRALIAN LUNGFISH, NEOCERATODUS FORSTERI 

(OSTEICHTHYES: DIPNOI)

KEMP, A.

Water impoundments across rivers in southeast Queensland have profound effects on the fish that 
live there, especially the lungfish that inhabit these reservoirs, most of which have no operating fish 
transfer devices that are suitable for lungfish, or no fishways at all, such as Enoggera Reservoir, Lakes 
Wivenhoe and Somerset in the Brisbane River system and Lake Samsonvale in the Pine River system. 
A population of the threatened Australian lungfish, Neoceratodus forsteri, lived in Enoggera Reservoir 
since they were first introduced there in 1896, but may now be extinct. Lungfish are endemic to the 
Brisbane River, and lungfish live in relatively unchanged reaches of this catchment. However, adult 
lungfish living in Lake Wivenhoe, and in Lake Samsonvale, have been trapped in these reservoirs 
since 1984 and 1976 respectively, and recruitment has ceased, perhaps because the population of fish 
in these reservoirs is ageing, or because the adults have poor food supplies and cannot lay viable eggs. 
Analysis of the gut contents and the dental structures of lungfish involved in the Lake Samsonvale and 
Lake Wivenhoe fish kills of 2009 and comparison with material collected between 1981 and 1990 from 
the Brisbane River below Lake Wivenhoe, and with specimens collected by electrofishing in Enoggera 
Reservoir in 1981, indicates that the adults in the fish kills of 2009 were not old, but had eaten nothing 
for a long time. 
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INTRODUCTION
The Australian lungfish, Neoceratodus forsteri, is 
endemic to three major river systems in southeast 
Queensland, the Mary (Gunther, 1871), the Burnett 
(Krefft, 1870) and the Brisbane River (Kemp & 
Huynen, 2014), and possibly a fourth, the Pine 
River (William Loh, University of Queensland, pers. 
comm.). All of these rivers are affected by water 
impoundments. Most of the surviving wild populations 
of the lungfish in these rivers consist of large adult fish, 
of uncertain age, and subadult and juvenile fish are 
rare or absent (Bancroft, 1913; Illidge, 1893; Brooks 
& Kind, 2002). Spawning ceased in parts of the 
Brisbane River during the drought of 2001-2008, and 
was affected by the subsequent flooding in the river. 
Spawning has occurred in the water impoundments 
(Kemp, 1984; Roberts et al. 2014; Espinoza et al. 
2013), but recruitment may not follow the spawning 
events (Kemp, 2011, 2014). 

One possibility to account for poor recruitment in 
water impoundments is the age of the adult fish 
trapped in these reservoirs, although the age of the 
lungfish in the reservoirs is not known with any 
certainty. Some species of fish are short lived, such 

as salmon, eels and lampreys, and die soon after they 
spawn for the first time (Patniak et al., 1994). Many 
bony fish, like the medaka and the guppy, display a 
gradual ageing process, as do most vertebrates, with 
slow loss of parameters like growth and reproductive 
capabilities (Gerking, 1957; Kishi, 2006). A third 
group, including basal fishes like the paddle fish 
and sturgeons, as well as derived fishes like many 
teleosts, appear to have growth processes that are 
difficult to determine, with some suggestions that 
they grow throughout life, and ageing is so slow as 
to be insignificant (Patniak et al., 1994). Lungfish 
certainly do not belong to the first group, and which 
of the other two groups include lungfish is not known. 
Although lungfish have the reputation of surviving 
for a long time in natural environments, nobody is 
quite sure how long each individual fish can live, or 
how long they remain capable of reproduction. To 
date, none of the methods of assessing age, successful 
or partially successful in bony fish from temperate 
climates (Campana, 2001), have worked for lungfish. 
One method of assessing age that has been published 
recently does not provide an accurate, verifiable age 
in years (James et al., 2010; Fallon et al., 2015), or 
stand up to critical analysis (Kemp, 2015, Kemp et 
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al. 2015). A more complete understanding of the 
population structure of the lungfish in their now 
remnant environments is seriously hampered because 
there is as yet no reliable way of assessing the ages of 
the lungfish in a particular population (Kemp 2015). 
All that is known for certain is that there are few or no 
juvenile fish and that recruitment has ceased in many 
environments, certainly in water impoundments and 
possibly also in most parts of the rivers that are free of 
regulation (Kemp, 2011, 2014). 

Otoliths cannot be used to assess the age of N. 
forsteri, because otoliths have only one incremental 
line, even in adult fish (Retzius, 1881; Gauldie et al. 
1987). Analysis of age by counting the growth layers 
in lungfish tooth plates provides no data on precise 
ages for detailed population studies, because the 
permanent tooth plates wear continuously throughout 
the life of the animal. Assessment of age based on 
wear and pathologies present in the tooth plates of 
similar size can be useful, if not completely valid 
as a determinant of age, with smooth wear and no 
pathologies suggestive of a young fish, and heavy wear 
with erosion of the mediolingual face and numerous 
carious lesions indicative of an old fish (Kemp, 2005). 
Wear on the tooth plates can also indicate if the fish 
were in fact feeding and using the tooth plates to crush 
or grind their food, or had no food and were grinding 
the tooth plates together in the absence of food. 

Examination of the tooth plates of lungfish destroyed 
during a flood event in 2009 in Lake Wivenhoe, a 
reservoir on the Brisbane River, and in the creek 
below Lake Samsonvale, a water impoundment 
on the Pine River, is reported in this contribution. 
The material from the fish kills is compared with 
specimens from the Brisbane River before and 
soon after Lake Wivenhoe was established, and 
from Enoggera Reservoir where a translocated 
population of lungfish once lived. Analysis of the 
contents of the intestines and of faecal samples 
from the specimens is included. 

MATERIALS AND METHODS
Sites of collection of material are indicated in Fig. 1. 

Eleven lungfish, from the mid Brisbane River (Lowood 
to Fernvale), were obtained by electrofishing between 
1981 and 1990, before and after Lake Wivenhoe was 
built, but while the river was still in good condition. 
Eleven adults from Enoggera Reservoir were 
collected by electrofishing in 1981. All of this material 

was collected for other projects, in early summer, and 
skeletal and dental material derived from these fish was 
used for this research. Small tooth plates collected at 
the same time from the Brisbane River (Kemp, 2005) 
were omitted, because there is no comparable material 
of small lungfish from other localities. Any tooth 
plates from the river or the reservoir with extreme 
pathologies, such as hyperplasia or parasitic infection 
(Kemp, 2005) were also excluded from this analysis. 

Comparative material from adult lungfish in the 
Brisbane River from a time equivalent to the material 
collected from the head of Lake Wivenhoe in 2009 
was not obtained for this project, for two reasons. 
Lungfish are threatened, and specimens should not be 
obtained specifically for a project. More importantly, 
the lungfish in the Brisbane River in 2009 had just 
passed through eight years of severe drought. Snails 
and clams on which lungfish feed almost exclusively 
in the wild (Kemp, 1987) disappeared from the river 
during this time, and have not yet recovered. The 
lungfish would have been unable to feed, and this 
would have affected their dentition. 

Twelve large adult lungfish came from at least 70 
dead specimens found among rocks below the wall 
of Lake Somerset close to the headwaters of Lake 
Wivenhoe, on the Brisbane River, in winter, after 
heavy rain in July 2009. These fish came from Lake 
Wivenhoe, and not from Lake Somerset, which did 
not overflow at this time. They were trying to swim 
upstream during the flood. Reports from staff at the 
reservoir claimed that it was impossible to turn them 
back. Some were rescued, and others died when 
the water receded and left them exposed among the 
rocks. Eight fish, also adults, were collected from the 
area below the wall of the dam at Lake Samsonvale 
(Pine River catchment) during a flood event in early 
summer, when they were washed over the wall of 
the reservoir (October, 2009). Most of these were 
left exposed on the bank when the floods went down. 
A ninth fish was donated by a conservation society 
who examined the surroundings of the spillway pool 
after the flood, and found many more dead fish, also 
washed over the wall of the dam. 

Body condition of the fish was assessed using weight 
and length data, where possible, and by post-mortem 
observation of tissues and organs, including the 
presence of ferritin laden oil in the tissues. Diets were 
analysed from faecal samples, when available, and 
from intestinal contents in dead fish. After weighing 
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and measuring the fish, and assessing gut contents, 
skeletal and dental material, including 5 specimens 
from the Samsonvale fish kill, and six from Lake 
Wivenhoe, were dried and prepared by exposing the 
dead fish to dermestid beetles. 

Lengths of the tooth plates from all four sources were 
measured, using digital calipers with a resolution 
of 0.01 mm, as well as the depth of the cleft on the 
occlusal surface between ridge 2 and 3, 2 mm from 
the medial margin of the tooth plate. The depth of 
this cleft reflects the amount of wear on the occlusal 
surface and was chosen because it is the deepest of 
the five or six clefts between ridges, and is straight. 
In most cases both upper and lower tooth plates were 

available from each fish, and occasionally only one 
or two tooth plates. Data from upper and lower tooth 
plates was kept separate. 

Certain conditions of the tooth plates and attached 
bone that suggest heavy usage and age were recorded 
for each specimen (Kemp, 2005). Spur and step wear, 
which produces a high spur on the posterior margin of 
the lower tooth plate and a step on the corresponding 
upper tooth plate, was noted, as well as attrition, or 
wear of the tooth plates with no food present, showing 
that the fish had little to eat. Extreme erosion of 
dental tissue with carious lesions suggests that the 
environment is poor (Kemp, 2005), and osteopenia 
indicates an inadequate diet, as well as age of the fish. 

FIG. 1. Map of southeast Queensland, showing Lake Wivenhoe and Lake Somerset on the Brisbane River, and Lake Samsonvale 
on the Pine River, and Enoggera Reservoir, on a tributary of the Brisbane River. Arrows indicate sites of collection of material. 
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RESULTS
BRISBANE RIVER LUNGFISH
Body condition Fish from the Brisbane River collected 
between 1974 and 1990 before much alteration in the 
river were in reasonable condition, and tissues were 
laden with ferritin rich oil, as is usual in wild lungfish. 
Skins were clear, and abdomens plump. There were 
no externally obvious pathologies, and colour, dark 
brown on the dorsal surface and pink on the belly, 
was normal. Scale cover was complete. No length and 
weight data are available for this historical collection. 

The diet Intestinal contents of adult lungfish from 
the Brisbane River included large quantities of 
plant and animal material, suggesting that the fish 
are omnivorous (Spencer, 1892). However, the 
plant material consisted mostly of filamentous 

algae (Rhizoclonium), with occasional fragments 
of Myriophyllum, none affected by chewing. 
Broken shells of snails, Thiara (Plotiopsis) 
balonnensis, and small clams, Corbicula australis, 
predominated among the animal residues, with the 
occasional scale from a small fish, and fragments 
of a shrimp carapace. This indicates that the fish 
in River environments obtain their nutrients almost 
entirely from snails and clams. The intestines also 
contained masses of sand, a result of the suctorial 
feeding habits of the adult lungfish. Faecal samples 
contained a similar mixture. Plant material in the 
faeces had not been digested, and could still be 
identified. The fish were collected in early summer.  
Observations of the river environment indicate that 
both plant and animal food was plentiful at this time 
(Davie, Stock and Low Choy, 1990). 

The dentition Tooth plates of lungfish from the 
Brisbane River have a smooth occlusal surface, 
rounded ridge crests and shallow rounded furrows 
in the clefts between the ridges (Fig. 2A, B). There 
is little or no incision of the medial margin of the 
tooth plate (Fig. 2B). This wear pattern suggests 
light grinding abrasion, with sub-terminal 
rotational grinding of food items. 

Measurements of medial wear taken 2 mm from 
the medial surface indicate that average depth of 
the furrows in the upper tooth plate was 0.8 mm, 
and in the lower tooth plates 0.9 mm. Wear of the 
dentition in fish from this river was light (Fig. 3A, 
B) and indicates minimal chewing of food items, 
sufficient to break the shells of snails or clams, 
and prepare the ingested animals for digestion in 
the anterior sac and spiral valve of the intestine. 

One specimen had a small exostosis on the medial 
face, and two specimens have malocclusion. 
Spur and step wear is present in eight out of 11 
specimens (Fig. 2C), and two have osteopenia, 
one quite severe (Fig. 2A). All have mild erosion 
of the mediolingual face (Fig. 2A), and five out of 
eleven specimens have small carious lesions. None 
of the tooth plates have hyperplasia. The size and 
condition of the tooth plates indicates that the dental 
material came from large adult fish, and some of 
the changes, such as caries, erosion osteopenia and 
spur and step wear, suggest age. 

ENOGGERA RESERVOIR LUNGFISH
Body condition On capture, the eleven living fish 

FIG. 2. The dentition of fish from the Brisbane River. 
A. Occlusal view of a lower tooth plate, QM I 26008, 
showing smooth occlusal surface, rounded ridge crests 
and smooth furrows between the ridges. The bone shows 
osteopenia (arrowed). B. Upper tooth plate, QM I 26016, 
in mediolingual view, with furrows that are not incised to 
the mediolingual face. There are small carious lesions on the 
mediolingual face (arrowed) C. Labial view of upper and 
lower tooth plates in occlusion, QM I 26014, showing spur 
on the lower tooth plate (arrowed) and corresponding step on 
the upper. Scale bars = 2 cm. 
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were in good condition, large and heavy with plump 
abdomens. Lengths ranged from 98 cm to 114 cm, 
and weights ranged from 8kg to 11kg. Tissues were 
laden with ferritin rich oil. There were no externally 
obvious pathologies. Skins were uninjured and scale 
cover complete. Colour of the fish was normal, dark 
brown dorsally and pink ventrally. Collections were 
made in early summer.

The diet Lungfish in Enoggera Reservoir had a 
restricted diet by comparison with Brisbane River 
fish. Intestinal and faecal samples included leaves 
of Hydrilla verticillata and the broken shells of 
small freshwater snails, with a few fragments 
of shrimp carapaces. Food in this reservoir was 
not abundant, nor varied, at the time the fish 
were collected in early summer, nor is food 
ever particularly plentiful in this environment 
(Kemp 2005). Most of the plants that are found 
in Enoggera Reservoir occur around the margin 
of the lake, such as Urochloa mutica and 
Myriophyllum, neither of which appeared in the 
intestinal contents or faeces. Hydrilla verticillata 

also grows in shallow water around the shore, and 
shelters small snails and shrimps. Plant material 
had not been masticated and was not digested.

The dentition All of the tooth plates from Enoggera 
Reservoir came from large adult fish. The occlusal 
surface is incised from the labial to the medial 
margin (Fig. 4A, B) in every specimen. Slight 
hyperplasia of individual ridge crests occurred 
in nine of the specimens, with a correspondingly 
deep furrow in the opposing tooth plate. Erosion of 
dental tissue, usually with deeper carious lesions 
exposing the pulp cavity, was found in every 
single tooth plate, along the medial face (Fig. 4A). 
One has small traumatic lesions on the labial face 
of every ridge and others have similar lesions on 
single ridges. Seven of the specimens showed spur 
and step wear and the attached bones of the jaws of 
every tooth plate were affected by osteopenia. All of 
the tooth plates were severely worn (Fig. 4B). 

Tooth plates from Enoggera Reservoir have high, 
faceted ridge crests separated by deep furrows, 
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FIG. 4. The dentition of fish from Enoggera Reservoir. A. 
A lower tooth plate, AN88-107, in medial view, showing 
deeply incised furrows between the ridges and carious 
lesions (arrowed) along the medial face. B. An upper tooth 
plate, QM I 26018, in occlusal view showing deeply incised 
furrows and supporting bone with osteopenia (arrowed). 
Scale bars = 2cm. 

FIG. 3. Plot of tooth plate length (upper line) and depth of 
the furrow at the medial margin of the tooth plate (lower 
line) in material from the Brisbane River. Wear on these 
tooth plates is light.



50 PROCEEDINGS OF THE ROYAL SOCIETY OF QUEENSLAND

with an average depth of 4 mm on the medial face 
of the upper tooth plates and 4.2 mm on the lowers 
(Fig. 5A, B). Wear on every tooth plate from 
Enoggera Reservoir is extreme. 

LAKE SAMSONVALE
Body condition Body condition in the lungfish from 
Lake Samsonvale was poor, and the fish were thin. 
The fish were washed over the reservoir wall in spring 
during heavy rain in 2009.  The dorsal surface was a 
dull brown, and the belly a dull pale yellow. All were 
adult fish, ranging from 3-9 kg in weight and 85-120 cm 
in length. No ferritin rich oil was visible in the tissues. 
Eight fish had extensive bruising on the belly, and the 
bruises extended into the underlying skin and muscle. 
On several fish, large areas of scales have been removed. 
Examination of the remaining scales at the edge of these 
areas showed that damage to these scales had been 
caused by abrasion against a rough surface. Skin had 
also been removed from the snout and the mandible of 
most fish, in places where scales are absent. One fish 
had evidence of healed trauma to the pectoral fins. 

Diet Post mortem examination of nine fish from 
the Lake Samsonvale spillway pool revealed 
traces of filamentous algae in the rectum.  Several 
fish had fragments of tree leaves in the posterior 
intestine. The anterior sacs and the anterior 
intestine of all the fish were empty and any plant 
material in the gut was undigested. The fish kill 
in this system occurred in early summer, when 
food items are present in most environments. The 
fish kill was catastrophic, and fish would not have 
survived long before the water receded and left 
them stranded on the banks.

The dentition Medial erosion with caries is present 
in most of the tooth plates (Fig. 6 A, B). Three out 
of five specimens show spur and step wear, and one 
has malocclusion in one jaw. Wear in four of the five 
is smooth, and medial furrows are slight or absent, 
with an average depth of 0.3 mm in the upper 
tooth plates and 0.1 mm in the lower (Fig. 7A, B), 
indicating that the fish had not been chewing food. 
Attrition is present in four out of five specimens.

FIG. 5. Plot of tooth plate length (upper line) and depth of 
the furrow at the medial margin of the tooth plate (lower line) 
in material from Enoggera Reservoir. Wear on these tooth 
plates is usually extreme.

FIG. 6. Tooth plates from the fish killed on the Lake 
Samsonvale spillway. A. Lower tooth plate, AN09-104, in 
medial view showing healthy bone and small carious lesions. 
B. Upper tooth plate, AN 09-106, showing flat occlusal 
surface and healthy bone. Scale bars = 2 cm. 
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HEAD OF LAKE WIVENHOE
Body condition All of the specimens collected during 
the midwinter flooding event from the head of Lake 
Wivenhoe were large adult fish, ranging in weight 
from 7-16kg and 90-130cm in length. Body condition 
appears reasonable, but the tissues had little ferritin 
stained oil. Gonads were developing, preparatory to 
the spawning season in a few months time. All of 
the fish show significant bruising on the body, with 
broken and missing scales. Apart from the bruising, 
colour was normal, dark brown on the back and pink 
on the belly. One fish had a broken jaw, and another 
had fractured skull bones. The fish died of trauma or 
exposure among the rocks at the head of the reservoir. 

Post mortem examinations were carried out on nine 
of the twelve fish collected. The anterior sac and 
the spiral valve of the intestine in all of these fish 
contained no food in the process of digestion. Guts 
of most of the fish had blackened blood clots in the 
anterior sac, either the result of bleeding into the gut 
or the swallowing of blood from the oral cavity. Seven 

of the fish had discoloured fragments of filamentous 
algae in the posterior intestine, one had nothing, and 
one had fragments of Corbicula shells as well as 
filamentous algae. The fish died in midwinter, at a 
time when food items in the environment would have 
been reduced.

The dentition The tooth plates from Lake Wivenhoe 
fall within the large size class and all come from adult 
fish. Erosion on the medial face is slight and few 
specimens have carious lesions (Fig. 8A, B). One fish 
has a large deficiency in an upper tooth plate, with 
slight hyperplasia in the opposing lower. Three have 
spur and step wear, severe in one specimen (Fig. 8A), 
and the bones of four fish show osteopenia.

The occlusal surfaces of the tooth plates from six 
specimens collected from the head of Lake Wivenhoe 
are worn smooth and flat, with shallow furrows, an 
average of 0.6 mm deep on the medial face of both 
upper and lower tooth plates (Fig. 9A, B). The shallow 
medial and labial furrows indicate minimal chewing. 
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FIG. 8. Tooth plates from the fish killed at the head of Lake 
Wivenhoe. A. Lower tooth plate, AN 09-112, in medial view, 
showing a pronounced spur and carious lesions (arrowed) on 
the medial face. B. Upper tooth plate, AN 09-115, in occlusal 
view with flat occlusal surface. Both bones show osteopenia 
(arrowed). Scale bars = 2 cm. 

FIG. 7. Plot of tooth plate length (upper line) and depth of the 
furrow at the medial margin of the tooth plate (lower line) in 
material from the Lake Samsonvale fish kill. Wear on these 
tooth plates is negligible.
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DISCUSSION
This study is based on adult lungfish from the Brisbane 
River, at the time a free flowing river environment, 
from Enoggera Reservoir, a long established water 
impoundment and from two reservoirs built more 
recently, one, Lake Wivenhoe, completed in 1984 and 
the other, Lake Samsonvale, finished in 1976. None of 
the three water impoundments have fishways to allow 
fish to move safely from the water impoundment to 
the river or back again. 

The statutory water authority that has responsibility 
for the reservoirs of southeast Queensland, 
SEQWater, monitors lungfish populations in the 
area, and has asked me to include the following 
statement in my publications. 

“In response to the 2009 accidental lungfish deaths in 
South East Queensland dams, SEQWater developed 
the first Lungfish Management Program by a water 
authority in Australia. SEQWater prepared a detailed 
post flood response plan for all three gated dam sites 
(Wivenhoe, Somerset, North Pine) that requires, 

amongst many things, rangers to undertake detailed 
inspections of spillways immediately after flood 
gate operations cease, recover any stranded lungfish 
and place them in permanent water. In addition they 
record any accidental fish deaths. SEQWater has also 
tested a range of post flood release strategies to reduce 
the risk of fish stranding at spillways. They have also 
implemented improved communication processes to 
alert in advance of potential fish stranding incidents, 
recording of incidents and reporting to the appropriate 
authorities when required. Extensive civil works in 
high risk areas below dams to reduce the risk of fish 
damage and stranding during and post flood releases 
have been undertaken, and specialised equipment to 
assist in large scale lungfish recovery and research 
efforts has been purchased.”

Lungfish are endemic to the Brisbane River (Kemp 
and Huynen, 2014). Some fish collected from the 
Mary River were placed in Enoggera Reservoir, which 
had no natural population of lungfish (O’Connor, 
1897). Actively spawning populations were present in 
the Brisbane River at least until the drought of 2001-
2008, and possible extinction has followed the loss 
of spawning habitat in Enoggera Reservoir in 1974 
when water hyacinth was removed from the reservoir 
(Kemp, 2011). Lungfish have spawned at least once 
in Lake Wivenhoe (Kemp, 2011, 2014; Roberts et 
al., 2014) and spawn frequently in Lake Samsonvale 
(Kemp, 2014). However, no young have apparently 
been recruited to the adult population of either water 
impoundment in recent years. All of the hatchling 
lungfish were abnormal, in laboratory reared fish and 
in specimens collected from the Lakes and not reared 
in the laboratory. All died. 

Reasons for the lack of recruitment of young fish in 
water impoundments and possible also in the rivers 
are not known with certainty, although it is probable 
that lack of appropriate nutrition causes the adults to 
lay poor quality eggs that do not develop normally 
(Kemp, 2011, 2014), as happens with wild fish 
populations in North America in similar situations 
(Fuiman et al., 2013; Furuita et al., 2003; Peleteiro 
et al., 1995). Other suggested reasons include lack of 
genetic diversity (Frentiu et al., 2001; Hughes et al., 
2015), pollution, or the age of the parent fish. Genetic 
diversity is known to be low (Frentiu, et al., 2001; 
Hughes et al., 2015; Lissone, 2003, Lissone et al., 
2001) and has been low for a long time, but lungfish 
have survived. Pollution is unlikely to cause a suite 
of similar aberrations in developing young when the 

FIG. 9. Plot of tooth plate length (upper line) and depth of 
the furrow at the medial margin of the tooth plate (lower line) 
in material from the fish kill at the head of Lake Wivenhoe. 
Wear on these tooth plates is light or insignificant.
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possible pollutants to which the fish may be exposed 
vary from one environment to another. This leaves diet 
of the parent fish, and their ages, as possible causes of 
the lack of recruitment. 

Lengths of the tooth plates collected from the River 
and the three reservoirs are within the range for fully 
grown adult lungfish. The occlusal surface of the 
tooth plates are marked by furrows created by normal 
wear, deep furrows along the labial face of the tooth 
plate and furrows of variable depth along the medial 
face. Labial furrows, the result of the way in which 
the tooth plates form and lock against each other, are 
always present and have no significance for diet or 
age. Medial furrows are formed when the tooth plates 
wear against each other and the depth is an indication 
of how much the dentition has been used, and for 
how long. They are deep in reservoir fish, shallow in 
River fish and also shallow or insignificant in Lake 
Wivenhoe fish. Medial furrows are all negligible in 
fish from Lake Samsonvale.

The population of fish in the mid Brisbane River at the 
time the samples were collected was actively spawning 
and recruiting young to the population (Kemp, 1996, 
2005). Fish from Enoggera Reservoir were all of an 
advanced age, and recruitment had ceased in this 
water impoundment in 1974, some years before the 
specimens in this study were collected (Kemp, 2005). 
In Lake Wivenhoe and Lake Samsonvale, all specimens 
came from adult fish, killed during a flood event, and 
probably derived from the population trapped in the 
water impoundments when the reservoirs were built, 
1976 in the case of Lake Samsonvale and 1984 for 
Lake Wivenhoe. None of the fish from the fish kills 
were subadult or juvenile. By any estimate of years 
since Lake Wivenhoe and Lake Samsonvale were built 
these fish are likely to be, respectively, up to 40 and 32 
years old at least, plus their ages when the reservoirs 
were completed. Although Lake Wivenhoe could have 
received recruits to the population from the Upper 
Brisbane River, this would not have happened in Lake 
Samsonvale, where the river flowing into the reservoir 
is small and unlikely to have actively spawning and 
recruiting lungfish able to maintain the population in 
the water impoundment. 

The diet of wild lungfish in a natural habitat is 
limited (Spencer, 1892; Kemp, 1987). In the 
adult fish, intestinal contents include masses of 
filamentous algae as well as small aquatic snails 
(Thiara balonnensis) and basket clams (Corbicula 

australis). Plant material in the intestine has not been 
masticated and is not digested, and this suggests that 
Spencer (1892) was correct in assuming that the only 
nutrition derived from the plant material came from 
microscopic fauna and flora adhering to the leaves and 
filaments of algae. Hatchling lungfish are essentially 
carnivorous, ingesting small invertebrates, and 
perhaps the occasional strand of filamentous algae 
(Kemp, 1996), which is not digested. The adults are 
also effectively carnivorous. The molluscs, a major 
part of the diet of adult lungfish in the wild, provide 
the lungfish with volatile fatty acids, originally 
derived from algae in the diet of snails and clams. 
Volatile fatty acids are required for the production 
of healthy eggs (Fuiman et al., 2013; Furuita et al., 
2003; Peleteiro et al., 1995).

Intestinal contents are influenced by season. Most of 
the specimens were collected in early summer and 
would have ingested food if any had been available. 
River fish and fish from Enoggera Reservoir had been 
feeding, but fish from Lake Samsonvale, killed in a 
catastrophic event, had empty intestines. It is unlikely 
that food present in the gut before they went over the 
wall would have been digested before the fish died 
and were left on the dry banks. Fish from the head 
of Lake Wivenhoe were collected in winter when 
food supplies would have been limited, as snails and 
clams die back in winter. One remarkable aspect of 
the present analysis is that unless conditions are really 
poor, as they are in Lake Samsonvale and in the creek 
below the reservoir wall, with poor water quality and 
little available food, lungfish look plump and healthy. 
Further, wear on the dentition is continual, and not 
merely a feature of ingesting food. 

Body condition in River and Enoggera fish was 
good, and they had been able to find food. Despite 
having no food in the intestines, fish from the head 
of Lake Wivenhoe appeared to be in at least adequate 
condition. Lake Samsonvale fish were in poor 
condition, and had been so for a long time. Condition 
of the medial furrows on the tooth plates of these fish 
suggests that the Wivenhoe and Samsonvale fish had 
not eaten for a long time, a result supported by the 
emptiness of the intestines in fish from both sites, 
and the lack of ferritin rich oil in the tissues of fish 
from water impoundments. Wild lungfish should 
have masses of oil in the tissues. Laboratory reared 
lungfish, which do not eat a natural diet, or fish kept 
under poor conditions, have little ferritin, and any oil 
present is pale yellow, green or absent. 
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Enoggera fish have tooth plates that suggest heavy 
crushing abrasion and a limited and harsh diet 
for a long time, with deep furrows, and numerous 
severe pathologies, such as severe erosion, caries, 
and osteopenia. Brisbane River fish, at the time of 
collection, appear to have had a reasonable diet with 
plentiful food that did not require harsh grinding. 
In any case, snails and clams are broken but not 
masticated before being swallowed, and easily 
identified in the intestinal contents or in the faeces. 
Pathologies on the tooth plates are not severe. 
Specimens derived from the fish kills suggest that 
these fish had little to eat, although pathology is 
not extensive. Age and diet related characters like 
osteopenia and spur and step wear are similar to 
those of Brisbane River fish collected much earlier. 
Comparison with dental characters from Brisbane 
River fish collected before Lake Wivenhoe was 
built, and Enoggera Reservoir fish after clearing 
of the hyacinth and removal of spawning sites 
suggests two things - the Lake Samsonvale and Lake 
Wivenhoe fish had little food, and no recruitment, 
but were not as senescent as the fish from Enoggera 
Reservoir. If the fish from the water impoundments 
had been old, the tooth plates would have shown 
heavier wear and more severe pathology. 

The adults of Lake Samsonvale and Lake Wivenhoe, 
affected by the fish kills, were not particularly old fish. 
Most have smoothly worn tooth plates, characteristic 
of attrition. The failure of recruitment recorded in 2009 
in Lake Wivenhoe and in 2010 and later years in Lake 
Samsonvale (Kemp, 2011, 2014) cannot be explained 
by saying that the population is ageing, and therefore 
cannot be expected produce viable spawn. These fish 
had eaten little food for a long time. This would have 
affected the production of eggs and may have resulted 
in the failure of recruitment. An inadequate diet is 
a consequence of environmental alteration, and is 
likely to have a severe effect on the survival of natural 
populations of the Australian lungfish. 
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